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^ (54) nUe: RADIOPHARMACEUTICALS AND RADIOACTIVB MICROSPHERES FOR LOCOREOIONAL ABLATION OF 
O ABNORMAL TISSUES 

^ (57) Abstract: The present disclosure provides radiophannaccutical macioaggf^ates for the treatment of abnormal tissue compris- 
Q ing particles having a minimum size of one micron, whcrcin the particles comprise iron, gadolinium, or calcium, and one or more 
radioactive isotopes, and have sufficient radioactivity for locoiegionaJ ablation of cells in the abnormal tissue. The disclosure also 
^ provides methods for using these radiopharmaoeotica) macroaggregates for the locoregional treatment of abnormal tissue. 
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TTTLB OF INVENTION 

[00011 Radiophannaccttticals and Radioactive NficiosphCTes for Locorep<Mial Ablation of 
Afanonnal Tissues. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[0002] Not ai)plicable. 

REFERENCE TO A "Nfiwofichc Appendix" 

{0003] Not ^licable. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[00041 The present disclosure relates to radioactive coiiq)ounds and methods for the prqjaration 
1h«co^ as well as methods for the treatment of ahnonnal tissues using the radioactive compounds. 

2. DESCRIPTION OF RELATED ART 

[0005] In diagnostic nuclear medicine, raJliophannaceuticals containmg a radionuclide wMch 
emits gamma radiation can be admmistered to apaticnt and the resulting distribution of radioactivity 
can be imaged with a gamma-detecting camera. The use of these diagnostic radionucUdes began in 
fte 1960*8, and because they are used far diagnostic purposes only, these diagnostic radionuclides 
have only low levels of radioactivity (Colombetd et a/., JNucl Med 11: 704-707,1970; Stem et al.. 
Nucleonics 24(10):57-59, 1966; Goodwin et aL, JAMA 206:339-43, 1968; Baiko- and Gusmano, J 
Nucl Med 12:580-82, 1971; Brookeman et al., Am J Roentgenol Radium Ther Nucl Med 109:735-41, 
1970; Wright FW, British J Radiology 47:64-65, 1974). High doses of radioactivity were avoided 
because of fears of radiotoxicity. Today, a wide variety of diagnostic radiopharmaceutical agents are 
available to assist in the diagnosis of many medical problms, for exanq^le cardiovascular, bone, 
kidney, hmg, liv» disease, infection, and cancer (Abrams and Mum, Science 261:725-20, 1993). 
[00061 A commonly used diagnostic radionuclide is Technetium-99m (^c), which is well 
suited for detection by a gamma camera because it emits gamma radiation wiAout significant 
radiotoxic alpha or beta emissions (Bligh et al., Int J Rad Appl Instrum 40:751-57, 1989). An 
example of a nuclear medicine procedure that utilizes flus diagnostic radionudide is breast 
lymphoscintign5)hy for breast cancer patients. This procedure aids m tfie idaitification of sentinel 
lymph node(s) before surgery by injecting the diagnostic radionuclide into flie breast tissue 
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sunouading the tumor and externally visualizing the movemait of the radionucUde into the lymph 
nodes. Breast lymphoscintigraphy involves intra-parenchymal mjection and subsequent 
visualization of the injected diagnostic radionucUde. Typically, aUquot(s) of about 1 cc containing 
0.5 mCi of ^°Tc labeled sulfur colloid (S50 is injected pcrcutancously into Ae tumor or breast 
tissues around the tumor. The smaUer sizes (<0^2 micron) of SC allow for better lymphatic 
drainage and therefore better visualization of the sentinel lymph node(s). Only a small fraction (<1 
%) (Johnson ei al., American Journal of Surgery 179:386-88. 2000; Doting et oL, Cancer 
88:2546-52, 2000) of the SC injected ever drains via the lynqihotics to allow visualizatim of the 
sentinel lymph node(s). DngCT size (>0^ micmn) or direct intratimwral (T^ 
flie breast tumor reveals even less lymfriiatic drainage. 

[00071 Althou^ unsealed, diagnostic radionuclides injected into a tumor <m: suiroundhig tissues 
are subject to spatial sequestration. The injection site appears q)herical and unchanged for hours on 
scintigrams. Although difficult to quantify, ultrasound guidance during selected breast 
lymphoscintigraphy shows that injections of SC into tiie breast tissue result in a larger disjjerscd 
volume. But radiatim dosimetry of breast lymphoscmtigrqihy have shown variations up to ten-fold 
(Bcrgqvist e/ a/., JiVurf A&rf23:698-705, 1982; Glassed a/., iiiOT&tf^gOft^/ 6: 10-11, 1999; Hung c/ 
a/., JNucl Med 356:1895-1901, 1995), due to the inqwecision in determining the volume of the 
dispersed injectate, Althou^ it has been proposed that diagnostic radionuclides may serve as a 
model for tiic evaluation of potential therq^eutic radionuclides, existing dosimetry reports of these 
radiofluclides are inaccurate because thae is no way to accurately measure tiie volume of the 
dispensed ectate. Additionally, there is no consistent dosimetry model for locorcgional injection. 
[0008] In addition to diagnostic radiq)hannaceatical ag«its, radioihen^lic agoits are also 
available for treating many medical prc^lems. If appropriate, directed local treatment of cancCT is 
oftei preferable to conventional radiation treatments, which can be acconqianied by v«y harmful 
side effects for the patient. Additionally, directed local treatment of cancer may be a more effective 
therapeutic alternative. For exan^le, multiple trials of breast conservation in patients treated with 
and without whole breast radiation have shown tiiat tiie majority (>90%) of local recurrences of the 
cancer occur at the site of surgical resection (Vaidya and Baum, Eur J Cancer 34:1143-44, 1998). 
These trials suggest that conventional radiation treatment of tiie whole breast following breast 
conserving surgery is a radical and often unnecessary approach for tiie majority of women. 
Therefore, more directed local treatment with radiotherapy would be a preferable and safer thai^y. 
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[0009]' Radiother^eiitic agents include radiomiclides wifli a^ha or energetic beta emissions diat 
can be targeted to disease sites. Optimal radioflierqieutic agents deposit sufficient radioactivity in 
target tissues to kill desired cells vrbUe mtmmmn^ intake in nontarget tissues. For example, one 
dieiq>etttic use of tibese radiother^eutic agents is for ^ locoregional ablation of cancerous cdls or 
tamuoTs. Cunenily, only a few radiopharmaceuticals are available for locoregional treatment of 
cancerous cells or tumors, such as the recently FDA approved Y-90 particles (Sir-Spheres®) (Patent 
Noa. 6,537,518, 6,258.338 and 5,885,547), But these radiophannaceuticals cannot be accurately 
localized externally, nor can their distribution be accurately determined over time after injection. 
Thus, any use of these radiopharmaceuticals necessarily involves multiple ^)proximations ot for 
exan^Ie, total liv^ radiation absorbed dose radi^ than any actual or exact calculations of tumor 
radiation absorbed dose. 

[OOIOJ Currently, directed local treatment of cancer can be achieved by inqslanting sealed 
radiation sources into, for example, a post-surgical field for several weeks. Conventional 
brachyflierapy mvolves the inq)lantation of sealed radiation sources into Ae post-surgical field for 
several weeks (Nag et al, Oncology 15:195-202, 2001). Additionally, recent clinical trials have 
reported favorable outcomes for treating bram and breast cancer patients using a single implanted 
catheter filled with Iodine-125 lotrex and Iridium-192 seeds irradiating flie tissues around flie post- 
surpcal cavity (by Froxima Therapeuticcs, Ina) (King et aL, Amer J Surg 180:299-304, 2000; 
Vidni et a/., / CUn Oncol 19:1993, 2002). This approach has also recaifly gained FDA approval, 
for ^cample OlialSite for brain tumors and MammoSite for breast cancer (deGuzman et id., J Nucl 
Med 41 (5 Suppl):274P, 2000; Dempsey et oLy IntJRadiat Oncol Biol Pkys 42:421-29, 1998). 
These FDA {proved approaches iUustrate tiie desirable features of locoregional radionuclide 
ikmpy: predictable dosimetry, monitoring equability, and short duration. But a more desirable 
approach of bypassing surgical resection and directly ablatix% tumors using, for example, 
intratumoral injection of radionuclides has not been found This lack of alternative q>proaches is 
due to the lack of requisite information on radionuclide dispersion and on radiation dosimetry in the 
tunou>r and surrounding tissues to establish efficacy and safety • 

lOOllI The Medical IntCTal Radionuclide Dosnnetry (MIRD) schemes require accurate 
determination of volume and residence time of dispersed radionuclides (LoevingCT et aL, MIRD 
Primer Society ofNudear Medicine, 1991, incoiporated h«ein by reference), A recent report 
directly measured the injectate volume using the M-widtb half maximum (FWHM) of the injection 
site fiom the scintigram. The accuracy of diis volume estimate was limited by flie system resolution 
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of 2 cm (Hung ei aL, JNuclMed 336:1895-1901, 1995). The search for an accuxate measurement of 
the dispersed injectate volume £91 dosimetry has been fotile because, besides the radioactivity, dsere 
is no other physical signal from the injected radionuclide for external imaging. Thus, a 
radiopharmaceutical that can provide signals for volumetric measurements and gamma rays for 
xadioactivity measurements is hig^ily desirable because it can be q[>plied to study the movement or 
sequestration of particles in tumors and to derive the radiation dosimetry of die radionuclides. 

10012] Thus, it is highly desirable to generate a radiopharmaceutical that can be used for 
locoregional treatment of abnormal tissues while simultaneously allowing for more accurate 
measuran^ts of the radiation dosimetry to the treated tissue, for example a tumor, by accurately 
measuring the radioactivity distribution and volume distxibutioa parameters of the 
radiopharmaceutical. 

BRIEF SUMMARY OF THE INVENTION 

[0013] Hie present di^losiire is directed to a radiopharmaceutical macroaggregate composition 
for the treatment of abnormal tissue con^rising particles having a mmimnn> size of one micron, 
\^erein the particles comprise a metal and one or more radioactive isotopes, and have sufficient 
radioactivity for locoregional ablation of cdls in the abnormal tissue. In other preferred 
embodiments, the radiophannaceutical macroaggregate conqjosition is used to treat abnormal cells. 
Preferably the metal in the particles is iron, gadolinium, or calcium. When Ae particles includes 
iron or gadoliniiun^ the radiophannaceutical macroaggregate composition is paramagnetic. In other 
ptefezred embodiments of the present disclosure, the one or more radioactive isotopes in the particles 
are selected fiom the group consisting of Gallium-67 (^^Ga), Yttrium-90 (^^, Gailium-68 (^Ga), 
Thallium.201 (^^^Tl), Strontium-89 (^Sr), Indium-Ill Iodine-131 C% Samarium453 

(*"Sm), Tcchnetium-99m ^'^c), Rhenium-186 O^Re), Rhcaiium-188 (*^), Copper-62 (^Cu), 
and Copper-64 (^Cu). Preferably Ifae radioactive isotope(s) in the ctHiqiositiQn emit beta radiations, 
gamma radiations, and/or positrons. 

(0014] Another prefmed embodiment of the present disclosiire is a paramagnetic 
radiopharmaceutical macroaggregate generated by co-precipitation or die mechanism of adsorption 
of nosradioadive particles with radioactive isotopes, which provides magnetic signals for volumetric 
measurements and gamma rays for radioai^^ty measurements. In a prefeired embodiment, a 
nonradioactive metal particle, for exanq>le Iron (Fe) or Gadolinium (Gd) is co-precipitated die 
radioactive isotopes, for example *'Ga, ^, ^Ga, ^^Tl, »Sr. "V "*I, '^o, "^Sm, ''"^-c, *^e, 
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^^^Re, ^Cu, and ^Cu. la aaother preferred embodimeot» die paramagaedc ladiophannaeeadcal 
macroaggregate is generated by the mechanism of adsoEiption of radioactive isotopes by 
nonradioactive particles. These paramagnetic radiopharmaceuticals can be used to study the 
movement or sequestration of particles in a tumor and to derive the radiation dosimetry of the 
particles. The paramagnetic properties of the radiopharmaceutical macroaggregate allows for the 
accmate measurement of geogrs^hic distribution of die radiopharmaceutical macroaggregate in the 
injected and surrounding tissues. Measuring die radioactivity of the same radiopharmaceutical 
macroaggregate allows for the measurement of radioactivity and r^ention in the same tissues. These 
properties allow for locoregional treatment of abnormal tissues with die paraoiagaetic 
radiopharmaceutical macroaggregate while simultaneously allowing for more accurate 
measurements of the radiation dosimetry to the treated tissue. 

[0015] In another preferred embodiment, a noi^aramagnetic radiopharmaceutical 
macroaggregate is generated by co-precipitating nonradioactive pardcles, for example Calcium (Ca)» 
with radioactive isotopes, for example ^Ga, ^'Ga, ^''TU «'Sr, "V ^'^I, '^o, ^^Sm, '^e, 
***Re» '^^Ic, ^Cu, and ^CXu In anodio' preferred embodiment, the nonparamagnetic 
radiopharmaceutical macroaggregate is g^ierated by the mechanism of adsorption of radioactive 
isotopes by nonradioactive particles. AKhoQ^ the Calcium radiqdiannaceutical macroaggregate do 
sot have paramagnetic propoties, Aey are biodegradable because the calcium hydroxide particles 
are dissolved and reabsorbed by surrounding tissues. The Calcium radiopharmaceutical 
macn^aggregate can also be localized using a Computed Tomogr^hy (CT) scanner. Localization of 
the radiopharmaceutical macroaggregate may also be monitored by ultrasonogr^hy. 

[001$) In yet another preferred embodiment, the radiopharmaceutical macroaggregates includes 
paxtioulates or micro^heres, for example particulates or micro^heres tiiat are small hollow or ci^ 
ABp&i ceramic particles or glass micnxspheres. In prefenned mbodim^ the cerantic base material 
of the particulates or microspheres is made of alumimu 2irconia, silica, or combinations tfaoreof. bi a 
prefisned embodiment, a non-radioactive metal is co-precq>itated with one or more radioactive 
isotopes and ceramic base material or glass to generate die particulate or microsphere 
radiopharmaceutical macroaggregates. In another preferred embodiment, a non-radioactive metal 
and one or more radioactive isotopes are adstnbed by ceramic base material or glass to generate the 
particulate or microsphere radiopharmaceutical macroaggregates. In a prcfeired embodiment, the 
non-radioactive metal is Ca, Fe> or OA hi preferred embodimait, tiie radioactive isotope(s) used to 
produce the radiopharmaceutical macroaggregate include but are not Umited to "Oa. **Y, ""Oa, 
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'^Sr, "'In. "^I. ^^o. ^^Sm. '*^c, ^c, «^Cu, and ^Cu. In oflusr pnsfeired 

embodiments, the size of the particulate or microsphere radiopharmaceutical mactoaggregates is 
fix>m about 1 to about 200 microns, more preferably from about S to about 80 micions in size. 

(00171 In piefened embodiments, &e xadiopbamiaceutical macroaggregate disperses aft^ 
injection into &e abnoimai tissue, for example nec^lastic tissue sudi as a tumor, but remains 
contained wiAin the abnonnal tissue. In other preferred enibodimCTis, the radiopharmaceutical 
macroaggregate is used for radiosynovioithesis. Prefoably the radiation absorbed doses finom the 
radiopharmaceutical macroaggr^ate will be high wifhin the ahnonzial tissue to ablate abnormal 
cells, but low in surroimding tissues and body organs. In anodier preferred embodiment^ magnetic 
resonance imaging (MRI), Position Emission Tomognq?hy (PET), Cooq^juted Tomography (CT) 
scanner, ultrasonography, and/or high resolution fgrntna scintigr^hy are used to measure the spatial 
and temporal profiles of the radiophBrmaceutical macroaggregate after injection. The presence of 
ferromagnetic particles (such as iron) in die radiopharmaceutical macioa^regate also provides a 
convenient route for fenomagnetic local hypeithennia during or after the radioactivity decay is 
completed, 

{0018} In yet another preferred embodiment, radiopharmaceutical macroaggregates with more 
than one radioactive isotopes are generated by co-precipitating the radioactive isotopes with a metal, 
for example Ca, Fe, or Gd, In preferred embodiments, the radioactive isotopes are selected from the 
group consistmg of ^Ga, ^. ^Ga, ^^'n. »Sr, "V '''l, '"^o. *"Sm, ^'^c, »^e. '^c, ^^Cu, and 
**Cu. Preferably, douUe-labded radiopharmaceutical macroaggregates are generated by co- 
precipitating two radioactive isotopes with one non-radioactive metal. A preferred double-labeled 
radiopharmaceutical macroaggregates is ^-Fe-^^Oa. In another preferred embodiment, the non- 
radioactive metal (M) is co-predpitated with a radioimclide cation (C) and a radionuclide anion (A) 
to generate a double-labeled radiopharmaceutical maooaggrepte (A-M-Q. Preferred A-M-C 
radiopharmaceuticai maooaggre^itBS inchide ^•Fe-''*rc, ^-Cbt^^c, and ^-Gd-^"Tc. In 
yet another preferred embodiment the non-radioactive metal (M) is oo-i»ecipitated with two 
radionuclide cations (CI and C2) to generate C1-M-C2. The above preferred enibodiments can also 
be generated using tiie mechanism of adsorptira. 

{0019] In another preferred embodiment, radiopbaimaceutical macroaggr^ates are graerated by 
co-prectpitating Phytate (P) with a non-radioactive particle and one or more radioactive isotopes. 
Preferably, a non-radioactive metal (M) is co-precipitated with a radionuclide cation (C) and Phytate 
(M-C-P), or a non-radioactive metal (M) is co-precipitated with a radionuclide anion (A) and Phytate 
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(M-A-P). Jn preferred embodiments, the metal is Ca, Fe, or Qd, and die radionuclide cation is ^Ga 
citrate, ^ chloride (CI). ^^^Tl CI, ^Sr CU ^ CI, ^Ca Q, "^Sm EDTMP, ^^^Sm Ci, **^o 
DOTMP, *^o a, "'In CI, or *"ln DTPA, and the radionuclide anion is ^c04, '*^e Perrhenate, 
or **^Re Penhenate. In another preferred embodiment, radiophannaceutical macroaggregates are 
generated by piecipitating Phytate with a non-radioactive metal as well as a radionuclide cation and 
a radionuclide am<m (M-A-C-P). In another prefcired embodiment, radiopharmaceutical 
macioaggregates are generated by precipitating Phytate wiA a non-radioactive metal as well as two 
radionuclide cations (CI and C2) to generate (Cl-M-P-^:?). Prefared M-A-C-P and C1-M-P-C2 
radiopharmaceutical macroaggregates generated include Fe-^^c-^-P, Gd-'*^c-'*^f-P, 
Ca-^-^c'^-P, Fe^^'Ga -^-P, Gd-*"Ga -'^V-P, Qi-^^Ga-^.P, Fe-^c."'lh-P, 
Ca-^c-"'ln.P, Gd-'^n^c^'lh-F. Fc^'^c-^Ga-P, Ca-^^c-^'Oa-P. Gd-^c-^^Ga-P, 
Pe-^.*"ln-P, Ca.*^-*"ln-P, and Gd-«V."^In-P- 

10020] In a preferred embodiment of die present disclosure die particles in the 
radiophannaceutical macioaggregate conqjosition are composed of a metal and one radioactive 
isotope. Preferably die radioactive isotope is a cation or an anion. In another ptefencd embodiment 
die paiticles are composed of a metal and two radioactive isotopes. Preferably die two radioactive 
isotopes are ddier both cations, both anions, or one is a cadon and one is an anion; more prrferably 
one of the radioactive isotopes is Hotouuni-166 (^^o). In yet mother preferred enbodiment die 
particles furdi^ conqirlse Phytate. Preferably die metal to radioactive isotope(s) molar ratio is about 
10*:1. In odi^ preferred embodiments, die particles are biodegradable.- The prefmble size of the 
particles is fiom about S to about SO microns. 

[0021] Preferred embodiment of die present disclosure are mediods for the loooreglonal 
treatment of afanoimal tissue, comprising adnmiistering a radiopharmaceutical macroaggregate 
con?K)sitioii to a subject in the region of die abnomial tissue, whwein die radiqihaimacwtical 
macroaggregate conqjositioii comprises particles having a minimum size of one micron, wherein die 
particles comprise a metal and one or more radioactive isotopes, and have an eflFective amount of 
radioactivity for locoregional ablation of ceUs in die abnonnal tissue. Preferably die subject is a 
vertebrate such as a twammal, more preferably die subject is an animal, and most preferably the 
subject is human. In odier preferred embodiments, the radiopharmaceutical macroaggregate 
composition is utilized for Selective Internal Radiation Ther^y (SIRT). Preferably die 
radiophannacaitical macroaggregate conqwsition is administered by intra-arterial injection. In other 
preferred embodiments, the abnonnal tissue is a neq>iaam or synovial tissue, more preferably the 
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iieciplasin is a tmnon For tuxaQis. the radiopharmacwitical macioaggregate cooqiodtioa is preferably 
admindstered directly into the tumor by injectiozL La ottiec preferred embodimmtSy a mecroaggregate 
composition contaimng Od (vnOx or witfiout attached radiomidide(s)) is exposed to neutron 
irradiation forthe locoie^onal treatment of abnormal tissuie. 

{0022] In other prefened embodimeats^ dte radiqphannacentical macaroaggcegate conqK>sition is 
administered by injection, for exaoo^le intratumoral, intravenous^ intravascular, intraparenchymal, 
intraarterial, intracavitary^ intra-pleural, iotrqieritonal, or intrathecal ixyection* The 
radiopharmaceutical macroaggregate composition may be injected at a single location^ or multiple 
locoxegional injections may be used in different locations in the same subject, for example, tiieie 
may be multiple injection sites in a single tumor. If multiple injections of the radiq^harmaceuticjd 
mai3t>aggregate con^sition are administered to a subject, they may be given at the same time, or 
over a period of time (fractionation), for effective treatment 

[0023] hi other preferred embodiments of the present disclosure, the one or more radioactive 
isotopes in the particles are selected from tiie group consisting of GaIlium-67 (^Ga), Yttrium-90 
fV), Gallium-68 (^Ga), Thamum-201 (^°^T1), Sttontium.89 (*^Sr), Indium-Ill ("*In), Iodme-131 
(}^% Samarium-153 (^*^Sm), Holmium-166 (^^o), Techn^hun-PSto (^c), Rhenium.186 
(^*^^e), Rhenium-188 ("^e), Cppper-62 (^Cu), and Copper-64 ("Cu). In yet another prefeixed 
embodiment the particles fiirdier comprise Phytate. Preferably the metal in the particles is iron, 
gadolinium, or calcium. When tiie particles includes iron or gadolinium, the radiopharmaceutical 
macroaggregate con^ositiQn is paramagnetic. The paramagnetic properties of the 
radiophamiaceutical macroaggregate composition preferably are used to measure the geogn^hic 
distribution and derive radiation dosimetry of the radioactive conqiosition. In radiophaxmaceutica] 
macroaggregate compositions that include iron in the particles, the &rromagaetic pn^^erties of the 
inm is used for local hypadimnia thenpy. Preferably magnetic resonance imaging (MRQ, Positron 
Emission Tomography (PEl^, ultrasonography, or hi^ resolution gamma scintigraphy is used to 
measure the ^tial and tenqiorai profiles of the paramagnetic contposition. A Con^nxted 
Tomography (CT) scanner is preferably used to localize radiophamiaceutical macroaggregate 
conqK>sitiQna that include calduirL 

(0024) A preferred embodimrat of the present disclosure is a mdiopharmaceutical 
macroaggr^te composition for the treatment of ahnonnal tissue con^sing jwrticles having a 
mtnminm size of oue mioxm, wherein the particles comprise a metal and one or more radioactive 
isotopes, and have sufficient radioactivity for loooregional ablation of cells in die abnoxxnal, 
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produced by co-predptitation or fte mechanism of adsotpticBi. Preferably, the radiophanDaceutical 
macioaggregate compositiQn is prepared by a process comprisixig the steps of: 

(a) mixing one or more radioactive isotopes with a metal dbdoride; 

(b) adding an alkaline to the mixture of part (a) to precipitate Hie radioactive isotopes 
widi fte metal to fonn &e particles; 

(c) separating the prec^itated particles fiom any remaining soluble radioactive 
isotopes fiom the paitide^ and 

(d) isolating the radioactive paxticles. 

10025] In preferred embodim^ts, the metal diloride is selected fiom the group consisting of 
ferric chloride (FeCb), calcium chloride (CaOa), and gandolinimn chloride (GdOa). In odser 
prefeired embodimoils, the alkaline is sodium hydroxide or ammonium hydroxide. Preferably; the 
precipitated particles are separated fiom any remammg. soluble radioactive isotopes by 
centrifugation. 

{0026] Another prefOTcd embodiment of the present disclosure is a radiopharmacaitical 
macroaggregate composition for the treatment of abnormal tissue comprising particles having a 
miniTtmm size of one micron, wherein the particles comprise a metal and one or more radioactive, 
isotopes^ and have sufficient radioactivity for iocoregional ablation of cells in the abnonnal, 
produced by a process con^niang die steps o£ 

(a) adding an alkaline to a metal chloride to fi)rm a precipitate; 

(b) mixing one or more radioactive isotopes widi the precipitate of part (a) to allow 
the radioactive isotopes to adsoib to the precipitate and generate a radioactive 
precipitate; 

(c) separating the radioactive precipitate of part (b) fiom any remaining soluble 
radioactive isotopes; and 

(d) isolating the radioactive precipitate. 

[0027] In prefened embodimCTts, the metal chloride is selected fiom the ffovp consisting of 
fmic chloride (FeCl^X calcium chloride (CaCl2), and gandolinium chloride (GdCla)- In other 
prefeired onbodiments, the ftlVaKne is sodium hydroxide or nTnmftnhim hydroxide. Preferably, the 
radioactive precipitate is sq>arated &<m any remaining soluble radioactive isotopes by 
centrifiigation. 



wo 2004/050H 



PCT/OS2(M)3/037777 



10028] OQm embodiments of the present disclosure are directed to me&ods of acupuncture 
tibecapy for an aciipuncture-resp<»isive condition, conq)rising administering a radiopharmaceutical 
macroaggregate con^sition into one or more acupuncture points of a subject, wherein the 
ladiophannaceutical macroaggregate conqjosition conqmses particles having a minimum size of one 
micron, wherein the particles conq>rise a metal and one or more radioactive isou^, and have an 
effective amount of radioactivity to enhance the acv?)uncture thaapy. Preferably, &e subject of 4e 
acupuncture flierapy is human, and the acupuncture-re^nsive condition is pain or rheumatoid 
arthritis, and the radic^armaceutical macroaggregate composition is administered by injection into 
the acupuncture points. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[00291 The following drawiiigs form part of the present q>ecification and are included to further 
demonstrate certain aspects of the present invention. The invention may be better understood by 
reference to one or more of these drawing in combination with the detailed descrq>tion of ^ecific 
embodiments presented herrin. 

[0030] Figure I. Diagram of the normalized S-values inside the 5 spheres of volumes of 0.4cc, 
2cc, 10cc,50cc, and 250ccfi«>mMcmte Carlo Simulation of gan^ 

[0031J Figure 2. Diagnun of the 10% isodose ranges A© distance from Ihe ^here where 
only 10% of die radiation dose fiom Oe sphoe rranains) fiom simulated depth dosimetry for 5 
spheres of volumes of 0.4cc, 2cc, lOcc, SOcc, and 2506c. 

[0032] Figures. An MRI study of the GaUium-bon radiopharmaceutical macroaggre^te 
(GIMA) demonstrated demases in Gradient Echo (ORE) signals as Fe contents mcreased to the 
concentration range mtendcd for intratumoral injection (Figures 3A and 3B). Figure 3A shows a GE 
Signa 1.5T MRI scanner that demonstrated decreasing GRE signals fiom 6 phantoms of 1 cc 
c^mders. Figure 3B shows decreasing GRE signals with iron content with GRE pulse sequences 
but not with Fast Spin Echo (FSE) sequences. 

[0033] Figure 4, O.l mQ ^Ga GIMA was injected mtratumoraUy (TT) and intramuscularly 
(IM) into the left leg of a 160 gram rat with a breast tumor implanted it m its rigjit leg. Figure 4 
ilhistiates the prolonged retention of ^^Ga GIMA (65-80% at 18 hours) at both the intramuscular and 
intratumoral injection sites. A ^^Ga standard was placed in the upper left comer of Figure 4 as a 
positive control PwsistHitly low (<2%) lung uptake was also present in the rat 
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[0034] Figure 5. Graph of the in vivo rat tumor growth rates after tFcatment with the 
ladiophaimaceatical macroaggregate GIMA. On day zero» lOO^OOO rat mammary cancer 13762P 
tmnor cells were implanted into the right thigh muscle of Fischer 344 female rats. In one set of 
experiments, on day 10 the rats injected with tumor cells were subsequentiy treated with 0.2 mCi or 
0.8 mCi of GIMA after the tumors became palpable (CZmCi IT Day 10 and O.SmCi IT Day 10 
respectively). In another set of experiments, 1 mCi of GIMA was injected intramusculaiiy on day 3 
into the same location on the right thigh of &e rats that the tumor cells had been injected into (ImCi 
rr Day 3). The remaining rats ixyected witii tumor cells were used as controls (Ccnitrol2). Tumor 
sizes were monitored regulariy and &e in vivo tumor growth rates over time are shown. 

DETAII£D DESCRIPTION OF THE INVENTION 

[0035] This preset disclosure is directed to radiopharmaceuticals that are generated by 
co-precipitating nonradioactive particles with radioactive isotopes to produce a radiopharmaceutical 
macn>aggregate. In another embodiment, the radiopharmaceuticals of the present disclosure are 
generated by &e medianism of adsorption of radioactive isotopes by nonradioactive particles to 
produce a radiopharmaceutical macroaggregate. As used herein, the term **radiopharmaceutical 
macroaggregate(s)" includes both paramagnetic radiopharmaceuticals and nonparamagnetic 
radippharmaceuticab. These radiopharmaceutical macroaggregates are used for locore^nal 
ablation of abnormal tissue, preferably neoplastic tissue^ caincerous tissue^ tumors, or synovial 
tissues. A significant advantage of tiiese radiopharmaceutical macroaggregates for then^entic 
q^Iications is that the co-precipitated nonradioactive particles allow for measurements of the 
distribution and dosimetry of the ladicphaimaceutical macroaggregates aft^ ihey have been 
introduced, preferably by injectian, into a subject. As used herein, the term ^'subjecf * refers to 
mammals, preferably humans. As used herem, ^Radioactive isotope(sy* are also referred to as 
'*radionuclide(sV' In a preferred embodimoit a smgle radioactive isotope is used to produce a 
radiopharmacwtical macroaggregate. In another preferred embodiment, two or more radioactive 
isotopes are used to produce a radiopharmaceutical macroaggregate. 

[00361 hi the present disclosure, paramagnetic radiopharmaceutical macroaggregates are 
g^erated by co-precq)itating nonradioactive particles with radioactive isotopes to produce a 
paramagnetic radiopharmaceutical macroaggregate^ vMch provides magn^c signals for volumetric 
measurments of geographic distribution of Ae macroaggregate in injected and surroxmding tissues, 
and gamma rays for radioactivity measurements in the same tissues. Alternatively, paramagnetic 
radiopharmaceutical macroaggregates are generated by the mechanism of adsorption of radioactive 
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isotopes by nonradioactive particles, fa prefened embodiments, paramagnetic nidiophannaceoti^ 
macroaggiegates are generated using nonradioactive particles such as metals, including but not 
limited to tarn (Fe)or Gadolinium (Gd). Tlie radioactive isotopes tliat can be co-precipitated with or 
adsorbed by nomadioactive particles to produce a paramagnetic radiopharmaceutical 
macroaggregate include but are not limited to GaUium-67 ^Ga). Yttrium.90 GaUium-SS 
(«Ga). -Mmn-iOl f'T^l Strontium-89 ^Sr). hidium-Ul ("'in). Iodine-131 ('"D. Holmiuin. 
166 (*«Ho). Samarium-153 ("*Sm), Rhenium-186 0«Rfi), Rhenium-188 ('""Re). Technetium-99m 
(*»Tc), Copper-62 (*^Cu). and Copper-64 (**Cu). Preferably, Ae radioactive isotopes are dflier the 
cationic and anionic species of the radionuclide. 

100371 Important pr<5>erties of the radioactive isotopes that may be used to generate 
radiopharmaceutical macroaggregates of the present disclosure are set fiarth bdow in Tabk 

Table 1 



Radionuclide 


Half Life 


Princ^al Gammas (MeV) 


Fiinrapal Betas (MeV) 


Cu62 


9.74 minutes 


0.511 




Ctt64 


12.7 hours 


0.511 


0.578 


Ga67 


78 hours 


0.093 




Ga68 


68 minutes 


0.511 




H0I66 


26.8 hours 


0.184 


0.072 


1123 


13.2 hours 


0.159 




1131 


8.04 hours 


0.364 


0.606 


falll 


68 hours 


0.245 




Rel86 


3.72 days 


0.14 


0.323 


ReI88 


• 16.8 hours 


0.16 


0.8 


SmlS3 


46.3 hours 


0.042 


0.702 


Sr89 


S0.SSdays 


0.909 


1.491 


Tc99m 


6.02 hours 


0.141 




TI201 


73.1 hours 


0.071 




Y86 


14.4 hours 




1.4 


Y90 


64 hours 




2.284 



[0038] Preferably Ae paramagnetic radiopharmaceutical macroaggregate emits beta and/or alpha 
radiation suffident to ablate abnormid cells, and may or may not emit gamma rays, hi preferred 

anbodhnents. the radiopharmaceutical macmaggregate yield about 80-99% radioactivity that is 
stable in phosphate bufier salme over at least 24 hours. The paramagnetic nahire and/or metal 
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densities of die precipitates allows for die localization and quantification of the particles in vivo as 
weB as accurate dosimetric estiznates, while the radioactive nature of the particles provides signals 
for iocalizatioii and measuiement of radioactivities^ as well as locoiegional ablation of abnormal 
tissues. 

10039] In other prefened embodim^ magnetic resonance imag^ (MKI)> Positron Bmission 
Tcmiogr^hy (PET), ultrasonography, and/or high resolution ganuna scintigr^hy are used to 
measure &e spatial and temporal profiles of the paramagnetic radiophaimaceutical macroaggregate 
after injection, and to determine tiie effective haif-life» biological half-life, and residence time of the 
paramagnetic radiopharmaceutical macroaggregate. For example, recent advancements in magnetic 
and nuclear imaging technologies have enabled measurements of small volumes of iron in small 
quantities in the body non-mvasively (Bonkovsky et al., Radiology 212(l):227-234, 1999, 
incorporated herein by reference). Preferably, the pharmacokinetic data generated using such 
techniques combined with nuclear imaging is used to calculate whole-body, organ, and locoregional 
radiation dosimetry to evaluate the safety and e£Bcacy fictors for a specific paramagnetic 
radi<^»haimaceutical macroa^regate. 

[0040] The paramagnetic properties of Iron or Gadolinium in paramagnetic radiopharmaceutical 
macroaggregates allow for the localization and quantification of the xhacroaggregates usmg an MRI 
scanner, both in vitro and in vivo. MRI is an inqportant diagnostic tool that exploits the differences 
in rdaxation rates of water protons in different tissues, translating these differences into three- 
dimensional anatomic information. Paramagnetic metal con^lexes can shorten proton relaxation 
times and provide inqiioved tissue contrast dq[>ending on their biodistribution when administered in 
vivo (Koeziig, hr J Chem 28:345, 1988). The supramagnetic properties can also be used for the 
mobilization of the macroaggregates throu^ externally applied magnetic fields (Alexiou et aL^ 
Cancer Research 60(23):6641^, 2000; Rudge et ed., Biomaterials 21(14): 141 1-20, 2000; 
incorporated herein by reference). Alternatively, the high concentration of metal in tibe precipitate 
can be measured using a Computed Tomography (CT) scanner. 

[0041] FurAermore, tiie presence of ferromagnetic iron in fiie radic^haxmaceutical 
macroaggregates also provides a convenient route for local hyperfhermia during or after the 
radioactivity decay is completed (Steevea et al, bit J Hyperthermia 8:443-49, 1992; Suzuki et aL, 
Nippon Gan Chiryo Gakkai Shi 25(liy.2649-58, 1990; Motto et al„ Int J Hyperthermia 18:129-40, 
2002; Eikesdal et al, Int J Hyperthermia 18:141-52, 2002; Jones et aL, Int J Hyperthermia 18:117- 
128; Granov et aL, An anffognqfhic ferromagnetic embolizadon and a local high-frequency 
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hyperthermia in the thenqry cf renal cell carcinoma. Mb&d&qsI recommendatiras. St. Petezsbuig 
University Press. HO, 2000; incorpotated heicm by reference). For exan^>le, the ferromagnetic 
properties of iron co-precipitates allows for coocanent or subsequ^ local hyperthennia when the 
injected subject is exposed to an alternating m^etic field, ftereby achieving maximum therapeutic 
effects while avoiding toxicity (Li et al, J Nucl Med 43(5):370P, 2002, incoiporated herein by 
reference). This local hyperthermia Aerapy can be aK>lied either concurrently or subsequently to 
the introduction of tiie fenomagnetic particles into the patient to increase the effectiveness of the 
neoplastic, cancer or tumor dierapy. 

[0042] Alternatively, noDparamagnetic radiopharmaceuticals are generated using Calcium to co- 
precipitate or adsoA the radioactive isotopes. These noi^aramagnetic radiopharmaceuticals do not 
have paramagnetic properties, but may be biodegradable through the resorption of caldum 
hydroxide particles by surrounding tissues. Preferably the nonparamagnetic radiophannaceuticals 
are reabsorbed afler the radioactive decay of the radioisotope is coxapletsA. These calcram 
containing particles can be localized using a CT scanner. The radioactive isotopes that can be used 
to generate diese nox^aramagnedc radiopharmacmtical macroaggregate include but are not limited 
to *^Ga, ^, *«Ga. *V "V '"l. '"^o, >^*Sm. ^^e, ^'^Re, ^c, '^I, «Cu, and "Cu. 
The radioactive isotopes can mclude either or both of the cationic and anionic species of the 
radionuclide. 

[0043] Radiophaimaceutical macroaggregates can also be genoated by co-precipitating or 
adsorbing more than one radionuclide with a metal, fin* example double-labeled radiopharmaceutical 
macroaggregates g^erated by co-precq>itatiQa or adsorption of two radionuclide isotopes with one 
non-radioactive me^. In a prefexied embodiment, the non-iadioactive metal is Ca, Fe, or Gd. In 
anotiier preferred embodimenis, the radionuclides are selected fiom the grov^ consistiiig of ^^Ga, 
''^Y, ^Ga, ^^Tl, '"Sr. "V "'l '^o, **^Sm, *"^e, ^c, "'l, ""Cu, and ^Cu- Preferred 
doQble4abeled radiophaimacaitical macroaggregates include but arc not limited to ^-Fe-*^Ga, 
^^a-**^Ga, ^-Gd-^'Oa, 'V-Fe-^V '^-Ca-^V and *V.Gd."*In- In anoAer preferred 
embodiment, the non-radioactive metal (M) is co-precipitated with a radionuclide cation (C) and a 
radionuclide anion (A) to generate a double-labeled radiopharmaceutical macroaggregate (A-M-C). 
Preferred A-M-C radiopharmaceutical macroaggregates include ^-Fe-^^c, 'V-Ca-^^c, and 
'V-Od-^^c. In yet anotiier preferred embodiment, two radionuclide cations (CI and C2) are 
precipitated with non-radioactive M (C1-M-C2). In anotiier preferred embodiment, two radionuclide 
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anions (Al and A2) are precipitated with non-radioactive M (A1-M*A2}. The above pi«fened 
embodiments can also be generated using the mechanism of adsoiption. 

[0044] Another metbod for producing tadiopharmaceotical macioaggregates involves ^ use of 
Phytate (C^HuOisP^ or P). Fhytate is also known as hiositol hexi^ihosphate (IP'S) and phytic add. 
In a prefeired embodim^st, a non*radioactivc metal (M) is co-precipitated with a radionuclide cation 
(C) and Phytate (M-OP). Preferably flie metal is Ca, Fe, or Gd, and the radionuclide cation is ^Ga 
citrate, ^ chloride (CI), ^Ga citrate, ^^Tl CI, *'Sr CI, ^Cu CI, ^Cu CI, "^Sm BDTMP, *^^Sm CI, 
*^o DOtMP, ^^^0 CI, a, or *"ln DTPA In anoflier preferred cmbodimrat, a metal and a 
radionuclide anion (A) are co-precipitated with Phytate (M-A-P). Preferably the radionuclide anion 
is ^^c04, **^e Penhenate, or ^^^Re Penhenate. In yet another preferred embodiment, 
radiopharmaceutical macroaggregates are generated by precipitating Phytate with a metal as well as 
a radionuclide cation and a radionuclide anion (M-A-C-P). In yet anodier prefened embodiment, 
radiophaimaceutical macroaggregates. are generated by precipitating Phytate with a non-radioactive 
metal as well as two radionuclide cations (CI and C2) to gcaierate (C1-M-P-C2). In another 
preferred jCTbodimeot, radiopharmaceutical macroaggregates are generated by pxecq»itating Fhytate 
wifli a non-radioactive metal as well as two radionuclide anions (Al and A2) to generate 
(Al*M-P-A2). The aibove prefinred enibodiments can also be genmted usuig &e. mechanism of 
adsQiptionL 

I004S] Prefeired M-A-C-P and Ci-M-P-C2 radiopharmaceutical macroaggregates generated 
inchide Fe.^c.^.p. Gd-^c-^-P, Ca-'^c-^-P, Fe-^'Oa-^-P, G4-^0a-^-P, 
Ca-^Gar'^'.p, Fe-'^."^, Ca-^-^'ln-P, Gd-^-"'fii-P, Fe-^e."^In-P, Ca-^"Tc-'"ltt.P, 
Gd.^o-"^In-P, Fe-^c-^^Ga-P, Ca-^c-*^Oa-P, and Gd-^o-*^Ga-P. The paramagnetic and 
&zxomagnetic properties of tiie non-radioactivity moiety in these radiopharmaceutical 
macroaggregates are conserved in the M-C-P, M-A-P, C1-M-P-C2, and M-A-C-P co-precipitates. 
For M-A-C-P radiopharmaceutical macroaggregates, it qspeaiis that one radionuclide (C or A) is 
linked to another radionuclide (A or Q Aroug^ the relatively inert P, as well as an M 

[0046] The A-M-C, C1-M.C2. M-C-P, M-A-P, C1-M-P-C2, and M-A-C-P radiopharmaceutical 
macroaggregates offer many pot^tiai thoapeutic advantages. For example, ^« ^ch emits beta 
rays, is| well suited for radiotii^iapy, but has poor tmaging characteristics for monit<mng. Therefore, 
another radionuclide, for example '^c, "^In, or ^^Ga, which emits gamma rays and is well suited 
for monitoring, can be co^recipitated with ^ to g^erate a radic^harmaceutical macroaggregates 
wifli both desirable characteristics. AdditionaUy, differmt therapeutic radionuclides with various 
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half-lives and langes can be co-precipitated to provide various spectrum for ablating abn<mnal 

tissue. 

10047] Ano&er meihod for producing radip|Akannaceutical macroaggregates involves 
particulates or micro^heres, for example particulates or microspheres ibst are anall hollow <^ &sp- 
shaped coamic particles or ^ass mimspheres (U.S. Patent Nos. 6|537,S18, 62S8338» and 
4,789,501, incoiporatBd hmin by reference), b prefierred embodiments the ceramic base material 
of the particulates or microspheres is made of alumina, zirconia, silica, or combinations thereof In a 
prefened embodiment, a non-radioactive metal is co-precipitated with a radioactive isotope and 
cmmic base material or glass to generate the particulate or microsphere radiopharmaceutical 
macroaggregates. In anoflier preferred «nbodiment, a non-nuiioactivc metal and a radioactive 
isotope arc adsorbed by ceramic base material or ^ass to generate the particulate or microsphere 
radiopharmaceutical macroaggregates. In a preferred embodiment, the non-radioactive metal is Ca, 
Fe, or Gd. Preferably one or more radioactive isotopes are used to generate the radiopharmaceutical 
macioaggregate. In preferred embodinicnt, the radioactive isotope(s) used to produce flie 
mdiopharmaceutical macroaggregate include but are not limited to *^Ga, ^Ga, ^*^*T1, "^Sr, "'in, 
">I, ^^o, ^^^Sm, ^«^Re, '^c, *^*I, "Cu, and^Cu. 

[0048] In another prefened embodiment, the particulate or microsphere radiopharmaceutical 
macroaggregate is generated by co-precipitating a non-radioactive metal with ceramic base material 
or glass, as wdl as a base component that may be rendered radioactive by exposure to a n^ztron 
beam For example, yttria or another yttrium-containmg compound or sah of yttrium is co- 
precipitated to form the macroaggregate, and the macroaggregate is then exposed to a neutron beam 
to generate a particulate or microsphere radiopharmaceutical macroaggregate containing 
Alternatively, a non-radioactive metal and a base compcoient may be adsorbed by ceramic base 
material or glass and exposed to a neutzra beam to generate a radiophaimaceutical maotmggregate. 
In other preferred embodimoits, the particulates or mionspheres are made of glass, with the non- 
radioactive metal and the radioactive iso1ope(s) distributed throughout the glass. 
[0049] A radiosensitizer is a drag that enhances the effect of ladiatiDn treatment in a subject 
The use of a radiosensitiza: (including Texaphyrin, Rhodamme, BUDR and odiers), whedier 
nonradioactive or radioactive, along Tvitfa radiodimpy has been found to increase tumor cell killings 
several fold (^.g., Tcicher et ah, IntJRadiat Oncol Biol Phys 13:1217-24, 1987, inccaporated hwein 
by reference). However, the systemic use of radiosensitizecs is Umited by low regional delivery and 
systemic toxicities such as hepatic and dermatologic toxicity. On the otha hand, locoregional 

16 



wo 2004/050168^ 



PCT/US2003/037777 



^iplicatian of radiosmsitizm along with locoregional radionuclide therapy wiA tiie disclosed 
ladiophannaceutical macroaggregates will exploit pharmacokiiietic advantage because of the initial 
100% exposure of the tumors to the radiosensitizer. Therefore, local injection of a radiosenaitizw up 
to tiie systemic dose will have advantage of multi-fold increased delivery. Local injection of a 
radiosensitizer can be done before, during, or after the locoregional application of a 
ladiophaimaceutical maccoaggregate to achieve enhanced cell kills. 

[0050] For example, radiopharmaceutical macroaggregates may be administered in combination 
with Rhodamine-123 (Rh-123). Rh-123 is a cationic, l^jophilic, water-soluble oxonium chloride salt 
with a high affinity for the mitochondria of malignant cells. Rh-123 has been found to be selectively 
toxic to a numb^ of human cancer cell lines, hi a preferred embodiment, a powder fisrm of Rh-123 
is used, and as a colloid suspension, the Rh-123 will function afte local injection as a slow-relea^ng 
deposit radiosensitizer, that coincides with the radioactive life of the radiophannaceutical 
macro^gregate. In another preferred embodiment, a saturated solution of Rh-123 is used fiwf 
loanegional injection, hi a prefcsred embodiment, the Rh-123 is admmistered before, with, or after 
a radiopharmaceutical macioaggregate. In one preferred embodiment, a non-radioactive metal (M), 
a radionuclide anion and/or radionuclide cation, and Rh-123 are co-precipitated to ^eiate a 
radiq)harmac^cal macroasrogate. In anoQier preferred eoibodiment, a radiophaxmaceutical 
maccoaggregate is generated by precipitating Rh-123 with a metal as well as one or more 
radiomicUde cations and/ox radioniiclide anions. In anolh^ preferred embodiment, a non-radioactive 
metal (M), one or more radionuclide anions and/or one or more radionuclide cations, and Rh-123 
fom a radiophannaceutical macroaggregate throu^ the mechanism, of adsorption. Preferably the 
metal is Ca, Fe, or Cd 

(0051] Generally, co-predpitated radiopharmaceutical macroaggregates are generated by mixing 
10-100 fiCi of a radioactive isotope witii die metal, for example a metal chloride (FcCU, CaCk, 
GdCia), widi an alkaline, for exanqile sodium hydroxide or ammomum hydroxide (NaOH or 
NH4OH, respectively). Preferably die NaOH or NH4OH are added to reach a final pH of about 7,0 
to 9,0. Alternatively the final pH can be in the range fiom about 3.0 to 11 .0, TTie reactions typically 
occur at room tenq)erature, aldiougji the reaction can occur at a broad range of temperatures, for 
example 0°C. lO^C, 20**C, 30<»C, 40°C, 50^C, 60«C, 70*»C, 80*^C, 90^C. or 100<*C. FinaUy. a buffer, 
for example Phosphate Buffered Saline (PBS) or saline, may be added to die reaction. Preferably die 
PBS has a pH of about 7.0, 7.4, or 8.0. The co-precipitated radiopharmaceutical macroaggregates 
are then separated from remiuning soluble radionuclides by ceotrifugation or filtration. 
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[0052] Suiprisingly, the co-predpitatLan of oooradioactive particles with radioactive isotopes 
cQDcmtrates die radioisotopes np to ICQ fold in the radic^harmaceutical maooaggregates generated* 
This Goncentratioa of the radioisottqpes allows for die production of therapeutic 
radiq>banDac«iticals for locoregional treatm«it in sofBciently small voliunes for practical use. The 
radioactrve isotopes used preferably have no non-canier added, which means that the radioactive 
isotc^es are not mixed witii like non-radioactive stahle isotopes. PrcfSoably flie specific activity of 
die radioactive isotopes is v^high {eg., 1000 Ci/mmole). The radioactive isotopes maybe diluted 
to some degree as long as the specific activity of the isotope is still high. In preferred embodiments^ 
the metal to radionuclides molar ratio in the radipphaimaceutical macroaggregates is about < 10^:1. 
In other preferred anbodiments the metal to radionuclides molar ratios are about < 10^:1, lO^l^ 
10*:!, 10^:1, 10^:1, or 10*:1. 

[0053] Generally, radiopharmaceutical macroaggregates generated by die mechanism of 
adsorption are prepared by first generating stock solutions of a metal (eg., to a final conceaitration 1 
mg/ml), for example a metal chloride (FeCb. CaCfc, GdCla). The metal stock solutions arc di«i 
titrated with an alkaline, for example NaOH or NH4OH, to a pH of Aout 7.0 to 9.0, preferably 8.0, 
to form a precipitate. Alternatively die final pH can be in the range fiom about 6.0 to 13.0. The 
reactions typically occur at room teinperatare^ althougjb die reaction can occur at a broad range of 
temperatures, for example O^C, lO'C, 20«C, 30»C, 40*C, 50^C, 60*C, 70*C, 80«C, 90«C, or I00*C 
Next, a bu£F», for exan^^le PBS os saline, is added to die reaction, and the precq>itate is centri&ged. 
Prefaably the PBS has a pH of about 7.0, 7.4, or 8.0. Next, a small vohune of radioactive isotope 
preferably 1-100 fiO. more preferably 1-25 ^iCi, most preforaMy 1-2 jiQ) is added to die 
piecq>itat^ die reaction is washed widi a bufiEier such as PBS, and any remaining sohible 
ladiimuclides m separated bom the radioactive precipitate by centrifiigation or filtration. For 
example, ferric hydroxide precipitates are formed using die above protocol (Pal: Granular Feme 
Hydroxide for Elimination of Arsenic fiom Drinking Water, 
http://www.umi.edn/env/Arsenic/Pal.pdt incorporated herein by reference), and one or more 
radionuclides eat added to die precipitates to form a paramagnetic radiopharmaceutical 
macroaggregate. In other prefmed embodiments, reducing agents (e.g., SnCb) or oxidizing agents 
(e.g„ H2O2 or iodogen) can be used to produce higher reactivity for generating radiopharmaceutical 
macroaggregates. For dierjqpeutic purposes, larger amounts (1-100 mCi) of radioactivity can be 
prq>ared in a simflar fashioiL 
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10054] Fre&rably die radiqphamaceutical macroaggregate emits beta and/or alpha radiation 
sufiSdent to ablate abnoimal celb, and may or may sot emit gamma mys. In otbsc prefeored 
CTbodiments, the radiophannaceutical macroaggregate emits radiation of higji enogy and short 
range, for example photons^ beta particles, or o&er therq^eutic rays. In preferred embodiments, die 
tadiopharmaceutical macroaggregate- yield about 80-99% radioactivity that i$ stable in phosphate 
buffer saUne over at least 24 houis. In other pxefox^ embodiments, the radiophannaceutical 
macroaggregate yield about 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, or 98% radioactivity that is stable in phosphate buffer saline over at 
least 24 hours. 

{0055] In other preferred embodiments, the generated radiopharmaceutical macroaggregates 
have radioactivity levels of about 1 microcurie OiCi) to about 500 mCi, more preferably 
radioactivity levels of about 5, 10, 20, 30. 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350 400, 
450, or 500 fiCi to about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65. 70, 75, 80, 85, 90, 
95, 100, 150, 200, 250, 300, 350, 400, or 450 mCi. A curie (Ci) is the basic unit used to desoibe the 
intensity of radioactivity in a sample of material. The cone is e|quai to 37 billion (3.7x10^^ 
disintegFatioi^ par second, ix^di is c^pproxifflatdy the actmtyo Acuiieisalso 
a quantity of any radionuclide that decays at a rate of 37 billion disintegrations p» second In 
prefixed embodiments, the radiation absorbed by a subrject from a radicphannaceulical 
macroaggregate generated according to Ae present disdosore is fixnn about 1 to SCO Gray (Gy), 
more preferably about 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55. 60, 65, 70, 75. 80. 85, 90, 95. 
100, 125, 150, 175, 200, 250, 300, 350, 400, or 450 Oy. In other pieCoied embodiments, dose 
penetration will be determined by the 1 0% isodose range (distance fieom die edge of die lesion where 
the cadiadon absorbed dose is 10% that inside die lesion). Preferably the range will be, for example, 
for the targeted abnormal tissoe (eg,, lesion) itself and preferably about a 0.5 to 2 cm margin beyond 
the targeted abnormal tissue, more pxcfisrably about a 1 to 1.5 cm maigin beyond the targeted 
abnonnal tissue* 

[0056] Prefenbly die co-precqntated particles produce large colloids of about 1-100 microns, 
more preferably about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60. 65, 70, 75, 80, 85, 90> or 95 
microns. Thus, the physical form of the radiophannaceatical macroaggregates is preferably an 
amorphous colloid solution tbat is very flexible when injected into different locations to cover die 
treatment area in a subject In another prefisned embodiment, the radiopharmaceutical 
macroaggregates are preferably particulates or microspheres of about 1-230 microns, more 
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preferably about 5, 10, 15, 20, 25, 30. 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 
120, 130, 140. 150. 160, 170, 180. 190, 200. 210. 220, 230, 240, or 250 microns. 

[0057] Ptrfmbly &e radiqrfiBnnaceutical maooaggregates are unsesded radionuclides wifhout 
physical contaimn^ These radiophannaceutical macroaggregates can be used for tumor ablation 
by locor^onal injection, for exan^^le, by intratumoral injection, intravenous injection, intravascular 
injection, intraparenchymal injection, intraarterial infection, intracavitary injection, intra-pleural 
injection, intraperitonal injection, or intrathecal injection. For example, taig^ed ablation of 
abnonnal tissues is achieved when these phannaceuticals are delivered intmvascularly or 
intraparenchymally because the size of &e paiticles are large enough (>1 mioometer) to preclude 
bdng dislodged fom&ecapillaiy bed or escaping thro\igh the lyn^k In other preferred 

embodim^ts, the ladiopharmaceutical macroaggregates are applied topically to the skin, 
subcutaneously, or intradennally. The teim locoregional primarily refers to sequestration of 
radionuclides from all of these routes of administration. After the radioactivity of the 
radiopharmaceutical macroaggregate decays, the significant residuals are only hydroxides of Ae 
nonradioactive paiticles used, for example Fe, Gd, or Ca, which are relatively inert or slowly 
biodegradable. The radiophannaceutical maaoaggregste composition may be admimstmd by any 
of die above routes at a single location, or in sevotd different locations hi the same subject, for 
example, there may be mult^le ixgection sites in a sin^ tumor. If the radiopharmaceutical 
macroaggregate composition is admmistmd to a subject in multiple locations, these administrations 
may occur at the same time, or over a period of time (fiactiotulion), for effective treatment 

(0058] In anolher prefened embodiment, the radioiAaimaceutical macroaggr^tes are 
administeied to aciipuncture points. For exanqile, ad^uncture Hxmpy for an aciqpuncture- 
responsive condition may be achieved by administering a radiophaxmaceutical macroaggregate 
composition into one or more aci^uncture points of a subject, such that the radiophannaceutical 
macroaggregate coxiqK)sitLon has an effective amount of radioactivity to enhance the aciqmncluie 
dierqiy. Pzeferably, the subject of the acupuncture ^erspy is human, and the radiopharmaceutical 
macroaggregate composition is administered by injection into the aciqsuncture points. Aciq)uncture 
points are well known to those of skill in the art, as set forfli for example by Denmei Shudo, 
"Finding Effective Acupuncture Points," Eastland Press, 2003, incorporated herein by reference. In 
other embodunoits, die acupunctur^responsive condition is pain, rheumatoid arthritis, smoking, 
habit control, drug abuse control, or oflier adqmncture-responsive conditions wdl known to those of 
skill in the art 
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[0059) In o&er pfcfenred embodimeats, the use of nufiopharmaceutical macroaggregates to 
then^eutically tteat a subject can be combined witb other therapeutic alternatives well known to 
those of skill in &e art for treating neoplasms^ for example chemother^, surgery, ^eternal 
radiolher^y, phaimacothcr^y, honnone therapy, gene therapy, radioimmunoflifirapy, 
immunothenq>y, and Ihe like (R.C. Bast, Ed. Cancer Medicine. Sth Ed American Cancer Sodety, 
B.C. Dedcer, 2000» incorporated herein by reference). 

[OOM] Selective Internal Radiation Ther^y (SIRT) involves the administration of radioactive 
materials, fior example radioactive particulates or microspheres, into the blood supply of a target 
organ- SIRT has primarily been used to treat cancers of the liver. In the preswit disclosure, SIRT 
allows the radiation firom die disclosed radiopharmaceutical macroaggregates to be delivered 
preferentially to the neoplasm in the target organ, and the radiation can be continually delivered as 
the radiation of earlier delivered radiophaimaceuticai macroaggregates decays. Hie arterial blood 
supply can also be manipulated, for exanqile by vasoactive substances, to direct (he 
radipphannaceutical macroaggregates to &e cancerous part of fhe organ, rather than the healthy 
tissue of die organ (Burton et al., Europ J Cancer Clin Oncol 24:1373-76, 1988, inoxporated herein 
by reference). Similar schemes witii or without radiosensitizers may be qpplied with the 
radiopharmaceutical macroaggregates diat dtiier indnde or do not include Phytate. 

(00611 Boron neutron-capture therapy (BNCT) of cancer is a branch of eaqperimental radiation 
therapy using boron compounds containing stable isotope Boron- 10 is an abundant 

iso^e (20%) with a large cioss-secticm area (3,984 bams) to capture neutrons, which allows it to 
emit a^ha emission for local cancer treatment (Gahbauer et al., ''BNCT: A promising area of 
leseardi?"' Proceedings of the 5ih International Conference on Applications of Nuclear Techniques: 
**Ncutions in Research and Ihdnstry,'* Crete, Greece (1996), SPIE Proceedings Series Vol. 2867:12- 
22 (1997), incorporated hcidn by reference). The alpha-cmisaiott produced by BNCT will cause 
sevm damage to cells in the mioometei range. For example, if the is in the nucleus of a cell, 
BNCT will kill that cell (e.g., tanm cell) with just one-hit 

(0062] Natuially occurring Gadolinium (Od), like Bonm, has multiple stable (non-radioactive) 
isotopes, mcbding GadoIimum-lSS (^^^Gd, 14.8% abundance and 68,800 banis) and Gadoliniumr 
157 (^'^Qd, 15.7% abundance and 250,000 bams). "*Gd and *"Gd are able to culture Aensal 
neutrons and emit gamma radiations (Hofinann et al.. Invent EadioL 34:126-33, 1999, incosporated 
herein by reference), dms allowing ftem to be used for Gadolinium neutron cqiture ikerapy 
(GdNCI) in cancer therapy Pe Stasb et aL, Cancer Res. 61:4272-4277, 2001, incoipomted herem 
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by refemce). GdNCT involves systemic injection of Gd soluble ciHUpounds and neotron irradiation 
of the cancer region when fliere is peak tissue concentration of Gd. Preferably, the 
radiophannaccutical macroaggregate composition utilized for GdNCT will conqjrise Gd chloride 
(GdOs), which will result in prolonged retention of the composition in die subject Yoneda et al., 
Fundamental & Applied Toxicology, 28(l):65-70 (1995), investigated tiic metabolic bdiavior, 
clearance, and pukoonary effects of GdCb after single intratracheal instillation in rats. Yoneda ct al. 
observed that the Gd was deposited in the lung tissue in nonsohible forms with an extremely long 
half-life. Thus, radiophannaceutical macroaggregate composition conqitismg GdCb will result in 
prolonged rctaition of the compositicm in &e subject, for example, after interstitial (trachea) 
injection. 

[0063] The current practice of BNCI and GdNCT are bofli limited by die delivery of the 
compound to the tissue by general circulation wHch has a low eflScicncy (eg., only about 1-2% of 
the administered compound reaches the tomoi/cancer). This limitation is overcome by the 
locor^onal adnmristratiQn or application of Gd conqiounds to treat cancer, includii^ but not 
limited to locoregional injection of Gd wtaptsmds. GdNCT oonqKnmds have a large cross-section 
(effectiveness) in cipturing neutrons, and gamma radiation emitted bom die confounds are able to 
kill a target cell (e.g., tumor ceM) without having to enter flie nucleus of the cdl or even the cell 
itself. Therefore, locoregional administration or application of Gd compounds (e.g., intratumoral 
ii^ection) in the vicinity of the targeted ceils will efficiently kill die cells upon cspturing of neutrons 
by the Gd conqiounds. Gd compounds include, but are not limited to, the radiophannaceutical 
macroaggregates disclosed hacin fliat inchide Gd. The use of these radiophannaceutical 
macioaggregates or the use of nonradioactive macroaggregates or microspheres containing Gd also 
allow die further advantage of locating and determinmg die amount of Gd in a location for neutron 
irradiation by using g^nima cameras or MRL 

[0064| hi accordance with the present disclosure, "an effective amount of die 
radiopharmaceutical macroaggregates is defined as an amount sufficient to ablate abnormal cells. 
For paramagnetic radiopharmaceutical macroaggregates, an effective amount also preferably 
provides magnetic signals sufficient for volumetric measurements in vivo. An effective amount of 
the radiopharmaceutical macroaggregates of the present disclosure may be administered in one or 
more injection. Effective amounts of a radiophannaceutical macroaggregate will vary according to 
factors such as tiie degree of susceptibility of the subject, die age, sex, and weight of the subject, 
idiosyncratic rehouses of the subject, and the dosimetry of the radiophaimaoeutical macroaggregate. 



22 



1 



WO 2004/05016«^ PCT/US2003/037777 



including the level of radioacdvily of the precipitBted radioisotope. Optimization of such factors is 
weO within die level of skill in die art. 

{00(S] Tbisit axe diree con^ionents d&at help one of skill in the ait to cakulate an estimation of 
sbsozt>ed doses to tissues sunounding the site of injection of die iadiq>hannaceadcal 
macroaggregate: 1) Hie energy deposited in the sunounding tissues is detomined using radiation 
transport analysis (MCNP manual, Monte Carlo N-Partide Transport Code System. RSIC 1994, 
incotporated herein by reference); 2) the geometiy of the activity distribution (source region) is 
d^ermined using MR image data; and 3) the total number of radioactive transitions that occur in the 
region are determined using data from a scintigram. Bodi beta and gamma emissions are preferably 
evaluated. The total radiation absorbed doses are derived for tumor and surrounding tissues. The 
volumetric data measured fix>m MRI is used to derive the S-values of the tumors using voxel-based 
simulation (Yoriyaz et aL, J NucI Med 42:662-29, 2001, incorporated herein by reference) to 
calculate the radiation absorbed doses to the injection sites and surrounding tissues. 

[0066] Id die literature there are simplistic schemes of dosimetry to estimate radiation doses 
delivered to an organ or tissues fiom a point-source or nodules of defined size. One of the inventors 
has performed Monte Carlo simulations of spheres and shells models filled with 19 dififerent 
ladionuclides, including radionuclides used in the present disclosure. Preliminary results using these 
simulations have been presented in die abstracts Wong et al., JNucl Med, 42:243P, 2001; Wong ei 
aL, JNucl Med 43:5, 90P, 2002, incorporated herein by reference. These simulations not only allow 
die calculation of conventional dosimetry values inside die sphoes/shells, but also aDow for the 
calculatbn of depdi dosunetry (radiation does aooss different distances fiom the source). Depth 
dosimetry can be used to establish the efificacy of treatment and safety margins at distances iq) to 1 S 
cm away from die radiation source. Therefore^ these simulations can be adapted by one of skill in 
die art to calculate die dosimetry of an injected radiophannacoitical macroaggregate by accurately 
measuriiig the volume and radioactivity distribution of the radiopharmaceutical macroaggregate in 
die subject using MRI/CT zdAIgt Gamma cameras over die course of treatment, as well as depth 
dosimetry to bett^ establish efficacy and safety margins. Radiation dose sources of die S spheres 
fiom Monte Carlo simxilations of gamma and beta emissions are shown in Figure 1. Figure 2 shows 
die 10% isodose range (/.e., die distance fiom die sphat where only 10% of the radiation dose finom 
the sphere remains) fitmi simulated depth dosimetry for die S spheres. 

[0067] In prefened mbodiments, die radiophannaceutical macroaggregate is used for locoregional 
radionuclide dierapy of abnormal tissues, for example neoplasms. As used herem, die term 
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^^Deopiasms" tc£m to any malignant or benign neoplasms, as well as malignant or boiign canceis, 
solid cancers, and tumors (including any carcinoma, sarcoma, or adenoma). A nec^lasm is abnormal 
tissue tiiat grows by celhilar proliferation more rapdly dian nonnaI> and can continue to grow after 
Ibe stimuli tiiat initiated &e new growth has ceased. A neoplasm may also have partial or complete 
lack of structural organization and functional coordiiation with normal tissue. As used herein, the 
term **solid cancers" includes but is not limited to the following: bladder tumor, bone tumor, brain 
tumor, cervical tumor, liver tumor, mammary tumor, ovarian tumor, pituitary tumor, pancreatic 
tumor, pituitary tumor, prostate tumor, testicular tumor, thyroid tumor, uterine tumor, WUms' tumor^ 
meninges, adenocardsoma, adenoma, astrocytoma, Burkitt lymphoma, toeast carcinoma, carvical 
carcinomat colon carrinoma, kidney carcinoma, liver carcinoma, lung carcinoma^ ovarian 
carcinoma, pancreatic cardnoma, prostate carcinoma, rectal carcinoma, skin carcinoma, melanoma, 
stomach carcinoma, testis caicinoma, thyroid carcinoma, chandrosarcoma, choriocaichiomB, 
fibroma, fibrosarcoma, glioblastoma, glioma, hepatoma, histiocytoma, leiomyoblastoma, 
leiomyosarcoma, lyn^homa, liposarcoma ceU, meduUoblastoma, mydoma, plasmacytoma, 
neuroblastoma, ncurogflioma, osteogeiuc sarcoma, i^inoblastoma, rhabdomyosarcoma, sarcoma, 
thymoma, and tiie like. 

[0068] In other preferred embodunents, die radiophannacentical maooaggregate is used for 
radiosynoviorthesis (Gynter MQdda, Radiosynoviordiesis: hivolvement of Nuclear Medicine in 
Rheumatology and Orthopaedics. 31-54 (Wailich Dnick und Vedagsges. Germany, 1995} (2001); 
incoipomted herem by reference). The term ^diosynoviorthe^s" as used heroin refers to the 
restoration of the synovia by radiopharmaceutical macroaggregates. inflammatory diseases such as 
arthritis are often caused by an inflaimnatory response of unknown origin in the synovium, or lining, 
of an afOicted joint. Local plication of die radiq)hannacaitical macroaggregates is done to 
influence the synovial process favorably, and as an alternative to surgical synovectomy. 
Radiosynoviorthesis indications include but are not limited to local flierapy of the synovitis; 
osteoarthritis; rheumatoid diseases such as rheumatoid arthritis, psoriatic arthritis, and Becfaterew's 
disease; villonodular synovitis; haemarthrosis in the haem<^>hiliac; activated arthroses such as knee 
arthrosis, Baker's cyst, hip arthrosis, condition after total knee replaconent, finger polyarftrods^ and 
rfaizarthrosis; dialysis-arthropathies/amyloidosis; and tenosynovitis. 

[0069] In prefened embodiments, the radiophamiacwtical macroaggregate is injected or punctured 
into a subject's anesthetized joint (eg., knee or hip), for the treatment of inflamed synovial tissue. If 
the initial radiosynoviorthesis treatm^t is not satisfactory for the subject, for example &ere is 
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iiisix£Gciait leductioii of pain, local hypeitbenma, and/or swelling, tibie radiosynoviorthesis can be 
repeated as often as needed Preferably, however, a second radiosynoviordiesis treatment is 
performed at least six monAs after the first treatmract. 

[0070] In prefezred ^bodim^ts, radipphaimaceutical macroaggregates used for 
radiosynoviotthesis emit beta particle energy sufficient to penetrate and ablate the synovial tissue, 
but not so great as to damage undeiiying articular cartOage or ov^lying skin. The 
radiophannaceutical macioaggregate prefo^ly produces necrosis of abnomial cells in the synovia, 
as weU as a decrease in inflammatory cell prolifeiation. Additionally, the radiophamiaceutical 
macroaggregates is preferably sufficient in size to Tninimiyi^ or prevent leakage fiom tiie joint, and is 
biodegradable to prevent induction of granal<Huatous tissue. Preferably the smaller the joint, the 
shorter the radiation penetrating distance of the radiophannaceutical maooaggregate used. The 
effective dose range for radiosynoviorthesis with rBdiq>harmaceutical macroaggregates may dq>end 
on several parameters all of viMdtx axe fiamiliar to tiiose of skill in the ar^ including but not limited to 
the radionuclide used in the co-precipitate, the injected amount, the si2e if the joint space, synovial 
thickness, synovial structure, distribution of the radiophannaceutical macroi^gregate in the joint, 
colloidal absoiption into joint fluid, condition of &e joint fluid, and inflammatory activity of the 
synovitis. 

» . * » 

10071] The following ewaples are included to demonstrate prefened embodiments of the 
invention. It should be appreciated by those of sidll m Ate ait Aat &e techniques disclosed in fhe 
examples which follow represent techniques discov^ed by the inventor to fiuctioii well in the 
practice of ttie invation, and thus can be considmd to constitute prefened modes for its practice. 
However, those of skill in the art should, in li^ of the ptesmt disclosure, appreciate many 
chaziges can be made in tfie specific embodimeots which are disdc^ed and still obtain a like or 
sunilar result without departing fiom the spirit and scope of &e invention. 

Exasqdel 

[0072] General protocols for generating radiq>hannaceuticals by co-precipitating nonradioactive 
particles with radioactive isotopes to produce a radiophannaceutical maCToaggcegate are set forth 
below. The stock sohitions used for the reactions were: 

Fenic chloride (FeCb) (1 mg Fe/ml): FeCb-eHjO (96.8 mg) + H2O (20 ml) 
Calcium chloride (CaCl}) (I mg Ca/mi): CaClz (55.4 mg) + HjO (20 ml) 
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Gandolinium chloride (GdQa) (1 mg Gd/ml): GdCl3.6H20 (47^8 mg) + H2O (20 ml) 
Sodium hydroxide (NaOH) (1.0 N): NaOH (1 g) + H2O (25 ml) 
Ammonium hydroxide (NH4OH) (20.0%): NH4OH (5 ml) + H2O (10 ml) 
Pho^hateBuffwed Saline (PBS): pH« 7.0, 7.4, or 8.0 

10073] The radionuclides (20-40 ixCi/SO^l) were obtained firom the following radiophannacies: 
^^Ga chloride (Mallinkiodt Radiophannaccuticals); chloride (Nordion), ^^11 chloride 
(Mallinkrodt Radiopharmaceuticals), ^^Sr chloride (Mallinkiodt Radiophannaceuticala), *"Iq DTPA 
(Maliinkrodt Radiopharmaceuticals), *"ln Q (Syncor Inc.), ^^Sm EDTMP (Syncor Inc.), 
DOTMP (NeoRx. Inc.), ^Oa CI (Proportional Technology be.), ^c pertechnetate (Syncor Inc.), 
and ^**Rfi Penheaate (^^^Re generator/University of Missouri). 

[0074] To generate radiopharmaceutical macroaggregates with Iron as the nonradioactive 
particle, 500 jil of FeCls was added to 30 jil of any of the above radionuclides (20-40 ^Ci/30jil), 
Next, either 30 m-1 of NaOH or 10 ^il of NH4OH was added to reach a pH of about 7.0 to 9.0. For 
stability tests of the radiopharmaceutical macroaggregates generated, a 1:1 dilution with PBS, pH of 
7.0, 7.4, or 8.0, was done. To generate radiopharmaceutical macroaggregates with Gadolinium as 
the nonradioactive particle. 500 jil of GdCfe was added to 30 nl of any of the above radionuclides 
(20-40 nCi/30Ml). Next, either 10 |il of NaOH or 10 |il of NH4OH was added to reach a pH of about 
7.0 to 9.0. For stability tests of die ladiophanttac^cal maooaggregates gmerated, a 1:1 dilution 
wifli PBS, pH of 7.0, 7.4, or 8.0, was done. Finally, to generate radiophannaceutical 
macmaggregates with Calcfaim as the nonradioactive particle, 500 ^l of Caa2 was added to 30 ^1 of 
any of the above radionuclides (20-40 |iCi/30^1). Next, either 10 ^1 of NaOH or 10 ^1 of NH4OH 
was added to i^ch a piH of about 7.0 to 9.0. For stability tests of the radiophannaceutical 
macroaggre^tes gmaated, a 1:1 dilution wift PBS,pH of 7.0, 7.4, or 8.0, was done. 

[0075] Co-precipitated radiophannaceutical maCToaggregates generated using flic above 
protocols were sq>arated fiom remaining soluble radionuclides by centrifiiging the reactions from 
1500 RPM to 3000 RPM x 5 minutes. Alternatively (he reactions w«e filtered using a Millipore 
Nylone (size: 0.45 |im, diameter 13 mm) to isolate the radioidiaxmaceutical macroaggregates. 
Stability testing of die radiqihaimaceutical macroaggregates was dme at 0.5, 3.0, 20 and 24 hours in 
pH 7.4 PBS and m pH 7.0, 7.4* and 8.0 PBS. The radioactivity of die radiopharmaceutical 
madoaggregates was measured by a calibrated Capintec radiometer m units of ^Ci. Finally, particle 
size measurements were calculated using die Submicron Particle Siz«r by NICX)MP Particle Size 
SystCTS (Santa Barbara, California, USA). 
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[007tf| Tables 2-9 bdow sliow the radiocbeimcal yidds of ihe radiopbamiaceutical 
macioaggregates geaerated using the protocols disclosed above* The Fadiochemicai yield is the 
fi^ott of the startiag radioactivity (in the initial radionuclide) present in the co-precipitated 
radiopbannaceutical macroaggregates. The average starting radioactivity of the radionuclides used 
for generating the radiopbannaceutical macioaggregates was about 50 ^Ci. Table 2 shows the 
radiochemical yields after the initial filtration of the co-prec^ntates but without the addition of any 
PBS (&ese radiochemical yields reflect data from at least triplicate san^les): 

Table 2 

Radiochemical Yields of Co-precipitates (initial filtration with no PBS): 



Radionuclide 


Fe+NaOH 


Ca+NaOH 


GdWaOH 


FefNH^DH 


Ca+NH40H 


Gd+NH40H 


^^Ga citrate 


O.lSiO.Ol 


0.03iD.02 




0.95±0.0l 


0.n±0.06 


0.98i0.00 




1.00±0.00 


1.00±000 


l.OOiO.OO 


0.94±0.04 






"SrQ 


L00±0.00 


0.46±0.00 


0.25±0.00 




asiio.oo 


0.26iO.00 


^^'SmEDTMP 


0,96+0.01 


0.94±0.00 


0.96±0.01 








^'TlCl 


0.98±0.00 


0.08±0.03 


O.lSiO.OS 




O.O7±0.O4 


0.08±0.02 


"^InDTPA 


0.44±0.05* 


1.00*0.01 


1.00±0.00 








"»InCl, 


O.9SiO.02 


0.98±0.01 


0.97i0.01 








*"RePaihenate 








0*16±0.01 


0.17±0.01 


0.18±0.01 


'*^oDOTMP 


0.44±0.03 


0.96±0.01 


0.94±0.02 


0.9710.03 






^C04 


0.94±0.02 


0,96±0.01 


0.81±0.01 










0.99i0.00 


0.74±0.07 


0.94±0.00 









wfaicb improved tbe yidd to 0.98±0.0l. 
10077] As shown in Table 2, the coi>recipitates of *"Sm, and ^^^In generated high 
radiochemical yields regardless of the metal used to co-precipitate the radionuclides. la contrast, the 
radiochemical yields for the co-precipitation of other radionuclides, for exanq>le ^*T1 and *^o, 
were highly variable depending on the metal used. Table 3 presents the radiocheoucal yields for 
reactions at botii a high temperature (90**Q and a low temperature (0®C). As shown by Ae data, 
ten^Teratuie genetaUy did not significantly effect the radiochemical yields, other than for the ^'^In- 
Gd co-precipitate: 
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TAle3 



Radiosuclide 


FefNaOH 


Ca+NaOH 
90°C 


Gd+NaOH 
90*C 


Fe+NaOH 
0»C 


Ca+NaOH 
O'C 


Gd+NaOH 
O'C 


'"inDTPA 


0.97dt0.01* 


0.99±0.0l 


O.85±0.Ol 


0.92±0.01 


0.9fttt).00 


0.2910.04 




0.96!t0.01 


0.9510.02 


0.95±0.01 


0.96±0.00 


0.9710.01 


0.9310.01 



{0078] TAles 4 and 5 sho^x^ tfie ladiocfaomcal yields of the co-precrpitates aftor addition of PBS. 
As shown by the data, the pH of the PBS added to the ladipidbannaceutical macioaggregates did not 
appear to effect die radiocfaemical yields of the reaction: 

Table 4 





Fe+NaOH 
IIH7.0 


pH7X) 


Gd-l-NaOH 
dH7X) 


Din.4 


PH7.4 


OiHNaOH 
1^7.4 


dH&O 


DH8.0 


Gd^NaOH 
DB8i> 




I.OQ10.OO 


0.9510.09 


1.0Q10JOO 


l.OOiO.00 


11)010.01 


liKttOiK) 


LOOiAOO 


O.9310i>6 


0.9910.Q2 




0,96±0,07 






0.9410.01 






0.9110^ 






"SmEDrXMP 


0^8±0.01 


0.9910.00 


0.9&faOLOO 


0.9810.00 


05910.00 


0.9710X0 


0.9ftl0.00 


0591000 


057ia00 










0.97*01)0 






0.9710.00 








0.9«O.0I' 


1.O01O.00 


0.48±0.08 


0.9410X)]* 


ijOQiOiX) 


0.6S10a4 


0.9810.0]* 


1.0QiO.00 


0^810.04 


•"ma 


' 0^:b0.03 


0.9310.02 


0.9610.01 


0.9610j01 


0.9iiOia 


0.9&bO.Q2 


0.96130.03 


05410Xn 


0.9710.01 






a9710.00 


0.4WJ02 




0.9810J01 


05U0iS 




O58StO.03 


0.4S10.0I 



Tables 



RadicHMidide 


PH7.0 


Od+NH40H 
DH7.0 


Fe+NHtOH 
PH7.4 


Od^NHtOH 
pH7.4 


Fe+NH40H 
PH8.0 


Gd+-NH40H 
pH8.0 


"Oa citrate 


0.99±0.00 


O.63±0.07 


0.99i0.00 


0.6610.05 


0.9910.00 


0.5610.02 


'«Ho 
DOTMP 


0.7810.02 




0.7710.02 




0.7210.01 
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[4MK79] Tables 6-9 show the stability of various ladiophannaceutical macioaggregates over a 
period of 24 hours by monitorixig the radiochemical yields at various timepoints. Generally the 
ladiopharmaceatical macroaggregates demoostrated remarkable stability over the 24 hour time 
period: 

Table 6 

Fe+NaOH Time Stability in pH 7.4 PBS 



Radionuclide 


0.5 H 


3H 


20 H 


24 H 




0.9810.00 




1.00!tO.OO 


1.00±0.00 


••SrCl 


1.00±0.00 






O.85±0.02 


»"SmEDTMP 


099±0.01 


0.98±0.01 


1.00tlfi.01 


0.99±0.00 




0.97±0.00 


0.97±0.01 


0.97ifi.01 


O.97±0.OO 


"'inDTPA 


0.97±0.01 


0.9910.01 


0.92i0.01 


0.95*0.03 


"'In a 


0.95±0.02 


0.97±0.01 


0.96±0.03 


0.97±0.02 



Table 7 

Ca4-NaOH Time Stability in pH 7.4 PBS 



Radioimclide 


0.5 H 


3H 


20 H 


24H 


'"SmEDTMP 


0.99±0.00 


0.99±0.0l 


0.99±0.01 


0.9910.01 


'"inDTPA 


1.00+0.00 


1.00+0.00 


0.9210.01 


0.9510.01 


'"In CI 


O.96±0.02 


0.97±0.02, 


0.9610.01 


0.9610.01 


^**HoDOTMP 


0.97±0.01 


0.9510.02 


0.9510.02 


0.9610.03 



Tables 

Gd+NaOH Time Stability in pH 7.4 PBS 



Radionuclide 


0.5 H 


3H 


20H 


24H 


'"SmEDTMP 


0.9710.00 


0.9710.01 


0.9910.01 


0.9910.01 


"•inDTPA 


0.5710.09 


0.4710.26 


0.5010.03 


0.5610.05 


"'In a 


0.9610.01 


0.9710.01 


0.9610.01 


0.9610.01 




0.4510.03 


03710.03 


0.1^.02 


0.1410.04 
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Table 9 

Fcrtffl^OHTinie Stabili^ in pH 7.4 FBS 



Radionuclide 


OH 


0.5 H 


3H 


20H 


24 H 


*^Ga citrate 


0.82±O.OS 


0.78±0.01 


0.7410.03 


0.76(±0.05 


O.78±0.11 


'*^oDOTMP 




0.69±0.01 


0.61±0.02 


0.47±0.03 


0.4040.01 



{0080] Tables 10-13 below show die particle sizes of die various radiophaimaceutical 
macroaggregates generated using the protocols disclosed above (but without die ittdusion of a 
radionuclide in die nuliqpharmaceutical macioaggregate), including measurements by volume and 
by number (Berger et aL, M J Pharmaceutics 223:55, 2001, incoiporated hmin by referoice). No 
radionuclide was present in die radiopbannaoeutical macroaggr^ates used fcrr particle size 
measurements because only infiniteshnal amounts of radionuclides are preaeot in llie 
radiophannaceotical macroaggregates (q>proximately <1/10^. The radiqphaanacratical 
macroaggregates were suspended in 20% gelatin to calculate particle sizes, and the measurements 
are shown in nanometers. In Table 10, the moroimportaiit measurement is the one based en volume 
because die volume is propoitional to the radioactivity levels of the radiopharmaceutical 
macroaggregates. For example, one 10 micron particle will deliver much more desired radioactivity 
than ICQ particles of 0.1 The data in Tables 1 U13 demonstrate that factors such as dilution, 

pH, and centriiugation greatly effect the sizes of the radiopharmaceutical macroaggregates. 
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Table 10 

A. Rq[>eated Sampling 





¥t 


















Ca 






GA 


Stoiplo 


\ 


2 


3 


4 


5 


6 


7 


8 


9 


1 


2 


3 


1 


Votame 




























Mean 


112*4.9 


58133^ 


32881.S 


22076.8 


25616J 


29866.6 


19741 


33990a 


29476.7 


14123.9 


8040J 


5036.5 


22749.9 




17423-8 


267874a 


34490.9 


2512H 


39078^ 


44179.2 


28520.7 


103369-5 


50394.4 


16445 J 


7762.7 


4342.6 


37718.7 


Chi 


ojm 


0J57 


0.943 


1.834 


0.523 


0,187 


108.198 


1.912 


7.661 


0.422 


0.415 


o:ti6 


17.667 


NBBber 




























Meaa 


672,7 


2704.1 


377U 


2492.S 


2738.8 




12S2.6 


1567 


1637.7 


880.9 






1281.3 


Peviattoa 


1038.6 


13643J 


5797J 


1335S.3 


3591.6 




1S51J 


4637>* 


2861.1 


804^ 






2124.4 


ad 

Squand 




0.922 


a494 


4J609 


0096 




114.887 


2.916 


7J7 


0.645 






17.667 


Mcm/Vol 


29229.733 


















9066.9 






227495 


Mmb/No 


2104S875 


















8805 






128t«3 



Table 11 

B. Effects of Dilutions 



Pe 


Dilution ratios 


2 


4 




8 


16 


NO 


1 


1 


2 


1 


I 


Volnme 












Mean 


60739.3 


22634.5 


26515.5 


16046.9 


12858.5 


Deviation 


101427.7 


31097.3 


38719.7 


19072.1 


11080.6 


Chi Squared 


16.428 


0366 


1.194 


2.074 


0.692 


Nundier 












Mean 


3403.1 


1619.4 




4386.4 


1887.4 


Deviation 


S682.8 


2299.6 




30339.5 


1626.4 


Chi Squared 


16.428 


0.524 




129.609 


0.692 


Mean/Vol 


60739J 


22634.5 




16046.9 




Mean/No 


3403J 


1619.4 




4386>t 





31 



wo 2004/0501^1^ PCTAJS2003/037777 



Table 12 



C, Effects ofpH on Size 



Fe 


PH7.0 




PH7.4 




PH8.0 




sample 


1 


2 


1 


L 




*> 


VaIiiwiip 














Mean 


14692.4 


12334.9 


212953 


21036.8 


18131.1 


12590.8 


Deviation 


17262,8 


11872,7 


338183 


IftI AO ^ 






Chi 

Squared 


1.878 


3.395 










Number 














Mean 


1137.1 




1240 




1000.4 


683 


Deviation 


1328^ 




1969.2 




1990.2 


1276-9 


Chi 

Squared 


1.785 




5.036 




296,58 


558.793 


MeanA^ol 


]3513.ti5 




21166.05 




15360^5 




Mean/No 


1137.1 




1240 




1000.4 





Table 13 

D. Effects of Ceiithfog3doQx3 





Fe 


Ca 


Ca 


Gd 


NO 


1 


1 


2 . 


1 


Volume 










Mean 


32368.8 


14792,8 


17575.5 


19650.9 


Deviation 


52251.4 


10672.9 


14511.6 


30424 


On Squared 


0.239 


0.97 


0.563 


7272 


Number 










Mean 


1945.3 


3324.3 


2850.1 


1168.6 


Deviation 


25173 


2398.4 


2353.3 


1809.3 


Qu Squared 


0.494 


0.967 


0.563 


7.272 


mean/Vfl] 


32368.8 


16184.15 




19650.9 


mean/No 


1945J 






1168.6 
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Exaxo|>le2 

10081] Radiopbaimaceutical macioaggregate can also be generated by co-precipitatiiig two 
ladiosuclide isotopes with one noo-radioactive metal. To generate these double-labeled 
radiopbaimaceutical macioaggregate the same stock solutions set Ibith in Exanq>le 1 were 
geamted. The radionuclides used were ^'^Ga citrate, ^ CI, "^In Q, and ^^cOa at a concentration 
of lO^CiAnl. 

(0082] To generate the double-labeled radiopharmaceutical maoroaggregates, 500 ^1 of FeCb, 
GdQa, CaCfe was combined with 50 jil of *^Ga citrate, *"lhDTPA, or ^^004, and 50 )xl of CL 
Ne3it,dtherlO)ilor30{ilofNaOH,orlO|ii ofNIUOH, was added to ^reaction, and the pH was 
adjusted to about 7.0 to 9.0. The co-pred|pitatBd radiophaimaceutical mactoaggregetes generated 
using the above protocol were sq»rated firom remaining sohible radionacUdes by centxifuging the 
reactions at 3000 RPM x 5 mmutes, and then washed twice with I ml PBS, followed by 
measurements using the r-counter. For stability tests of the doable-labeled radiopharmaceutical 
macioaggregates generated, the radiophamiaceutical macroaggregates were washed twice with 1 ml 
PBS, and resuspended in 1 ml PBS. The radiochemical yields of the radiopharmaceutical 
macroaggregates were monitored over a 24 to 96 hour period by a gamma-coimter* 
[0083] Tables 14-16 show the radiochemical yields for the double-labeled radiopharmaceutical 
macroaggregates generated. Table 14 shows die double-labeling and stability for ^-Fe-*^c, 
^<V-Ca-^^c, and ^-Gd-^c radiopharmaceutical macroaggregates. Table 15 shows the double- 
labeling and stability for ^-Fe-^^Ga, ^-Ca-^^Ga, and ^-Gd-^''Oa radiophannaceutical 
macroaggregates. And Table 16 shows the double-labeling and stability for ^-Fe-"^In, 
^-Ca-"'ln, and ^-Gd-"*In radiopharmaceutical macroaggregates. 
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+ ^ double-labeling and stability 



Table 14 





OH 




3H 




24 H 






Tc%mMix 


Y% in Mix 


Tc%inMix 


Y%inMix 


Tc% in Mix 


Y%inMix 


Fe 


82,3 


70.7 


90.7 


612 


87.8 


57.8 


Ca 


90.9 


94J 


94.1 


75.1 


91.2 


87.7 


Gd 


35.9 


22.9 


90.7 


612 


88.6 


63.5 


R«coveryin 
Affixture of Stds 


94.2 


91.3 


89.0 


108.0 


89.0 


108.0 



^Ga + ^ doable-labeling and stability 



Table IS 





OH 




24 H 






Y%inMix 


Qa%inMix 






Fe 


90.6 


97.5 


92.3 


86.9 


Recovery in 
Mixture of Std£ 


104.1 


96.4 


104.1 


96.4 



111 



In ^ ^ double-labelmg and stability 



Table 16 





OH 




3H 




24 H 




48H 




96 H 






Y%in 
Mix 


lQ%iii 
Kfix 


Y%in 
Kfix 


Izi%in 
Mix 


Y%in 

Mx. 


Ia%in 
Mix 


Y%iii 
Mix 


Ia%in 
Mix 


Y%ia 
Mix 


In%ia 
Mx 


Fe 


62.5 


88.2 


55.0 


91.3 


51.7 


84.7 


43.0 


83.0 


45.7 


85.9 


Ca 


76.1 


812 


86.4 


90.5 


60.7 


69.4 


70.9 


80.0 


663 


77.0 


Gd 


73.8 


93.6 


44.7 


78.6 


483 


73.9 


62.9 


83.4 


47.8 


87.8 


Recovaty 
in Mixture 
of Std3 


109.4 


101.8 


94.6 


lOI.l 


94.6 


101.1 


94.6 


101.1 


94.6 


101.1 



Detesmining valid radiochemical yield measurements of double-labeled 
radiophaixDaceudcal macroaggregates is di£5cult because two different radioactive isotopes are 
present in a singfte radii^hannacetttical macroaggr^ate. A Hewlett-Packard Cobra-II gamma 
counter was used to measure the radioactivity of the radiopharmaceutical macroaggregates. The 
radiation detectira window was set nairowly but distinctly spart for the two isotopes. Note tiiat the 
^ical defkult settings for ibt isotopes may not woric For measm^nents, the standards for each 
isotope, as well as a mixture of identical amounts of the standards for each isotope, were placed 
under the gamma camera for simultaneous measurements using at least two windows. The 
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measuieineiit methods were validated hy recoveiy of both isotopes in flie 1.000±0.12S range 
(Recovery in I^^fixtuie of Stds vahie in ahove Tables 14-16), 

[0085] Another mediod for producing co-precipitates of paramagnetic or noiq)aramagnetic 
metals with xadionuclides mvolvcs the use of Phytate (CjHiaOigP^, or P), To gaiaate these 
radicpharmacoitical macioaggregates, 50 ^l of an aqueous solution of sodium phytate (50 mg/wl) 
was mixed with about 2-100 jiQ (typicaUy 50 jiCi) of a radionuclide (obtained fiom the sources set 
fOTth in Bkmple 1). with or without 50 »d of tin chloride (SnQz, 5 mg/mi). Next, CaQ^ FeCb, or 
GdCh solutions woe added to flie reaction, and after 5 nnnutes the mixture was collected by 
centrifaging 4e reactions at 3000 RPM x 5 minutes. The radiochemical yield for each of the 
cadiopfaarmacaxtical macroaggregates generated was measured, and stability tests in PBS at pH 7.4 
over 24 hours were also performed as set forth in Example 1. 

10086] These radiophannaccutical maaoaggregatcs are co^iiecipitates of a non-radioactive 
metal (h^ with a ladionadide cation (C) or a radionuclide anion (A), and P . The M used were Ca, 
Fe, or Gd; the C used were ^^Ga cftrate, ^ a ""I, ^"Tl a, «Cu a 

were '^Re Paihenatc or ^cO^. The '^^c coi^recipitates demonstrated gpod stabiUty over 24 
hours. 

[0087] Tables 17-20 show the radiochemical yields for the radiq^harmaceutical macroaggregates 
genoated with Phytate using the protocol disclosed above, as well as the stability of these 
radiopharmaceutical macroaggregates in PBS pH 7.4 over a 24 hour time period. As shown in Table 
17, high radiochemical yields were found for co-precipitates of ^Ga, *"ln, or ^'"Tc with non- 
radioactive Ca, Fe, or Gd. Lower radiochemical yields were found widi co-precipitates of ^^Tl, 
®Cu, or ^®*Re and Ca, Fe, or Gd The precipitated radiopharmaceutical macroaggregates varied in 
size fimn 6-40 microns. No precipitaticm was found with ^^I. 
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Table 17 



Radionuclide 


Ca 


Fe 


Gd ■ 




0.9Q±0.06 


A A4 1^ A4 


f\ A /VIA n 1 


vjd Citrate 






0 07+A A1 




0.86±0.01 


0.6840.09 


0.71±0.05 




0.08±0.01 


0.23+0.09 


0.0S>±0.02 


'"RePraihenate 


a24±0.01 


0.20±0.01 


0.2310.01 




0.27±0;01 - 


0.34±0.01 


0.18±0.01 


•"In CI 


0.88±0.02 


0.80±0.03 


0.89±0.02 




0.44±0.01 


0.27±0.04 


0.3l±D.02 



Table IS 
Fe Time Stability in pH 7.4 PBS 



RadioQUclide 


0.5 H 


3H 


20 H 


24 H 




0.85±0.01 


0.79±0.03 


0.76±0.03 


0.78±0.04 


»^C1 


0.68±0.04 


0.76±0.05 


0.75±0.03 


0.74±0.05 


"»InCl 


0.82±0.04 


0.e±0.04 


p.79±0.03 


0.79±0.03 


^'Ga estate 


0.75±0.09 


0.6910.01 


0.68±0.02 


0.66t0.09 



Table 19 
Ca Time Stabitity in pH 7.4 PBS 



Radionnclide 


0.5 H 


3H 


20 H 


24 H 




0.77±0.03 


0.79±0.01 


0.74±0.05 


0.68-HtO.OS 


'"Vci 


0.92±0.04 


0.93i0.04 


051±0.Q2 


0.88±0.03 


"'In 01 


0.91±0.01 


0.91±0.01 


0.90±0.01 


0.89±D.03 


^Gaatrate 


0.75±0.01 


0.7l±0.07 


0.78±0.03 


0.70tt0.03 



Table 20 
Gd Time Stability in pH 7.4 PBS 



Radionuclide 


0.5H 


3H 


20H 


24 H 




0.9Qdi).02 


0.8S±O.Q2 


0.7310.07 


O.THd0.O7 


'"In CI 


0.8ftt0.02 


0.8810.03 


0.8910.04 


0.8710.01 


'^Ga Citrate 


0.87i0.01 


0.8510.02 


0.8310.02 


0.9010.02 
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10088] Table 21 shows the radiochemical yields and stability for radiopharmaceutical 
macioaggregates &at include ^ and Pe generated bodi mHi and without Phytate using the 
I»otocols disclosed above and in Exmple 1» except that the starting radioactivity of the ^ CI used 
for generating diese radiophannaceutical macioaggregates was about 10 mCi. This high dose 
experiment did appear to improve the radiochCTiical yield and stability of the ^^-Fe-P 
radiophannaceutical macroaggr^ate. 



Table 21 



Radionuclide 


OH 


24H 


72 H 




0.94±0.03 


0.94±0.03 


0.92±0.09 


9«Y-Fe-P 


0.37±0.03 


O.99±0.O1 


0.92±0.0S 



[0089] Finally, double-labeled radiopharmaceutical maqx>aggregates with Phytate were 
produced using mixed anion*catiozi co*precipitates, as well as cation-cation co-precipitates. To 
generate these radiq>harmaceuticai macioaggregates, 50 fil of *^Ga citrate, ^ ^^In DTPA, or ^^004, 
and 50 fil of CI (approximately 50 |iCi of each radionuclide), were added to 50 ^1 of phytic acid 
(50 mg/ml), with or without 50 jil of SnCk (5 mg/ml). The concoitration of all radionuclides used 
was lOjiCi/mL The reaction was allowed to mix for 10 minutes, and next SO |il of 0.5 M solutioais 
of CaCl2, FeCl3» or GdCU were added to the reaction and mixed for 2 minates. The double-labeled 
radiophannaceutical macroaggrcgates were sqiarated from remaining soluble radionuclides by 
centzi&s^g ^e reactions at 3000 RPM x 5 minutes, and thai waited twice with 1 ml PBS, 
followed by measurements using a ganuna counter. For stability tests of the double-labeled 
radiopharmaceutical macroaggregates generated, the radio{rfiarmaceutical macroaggregates were 
washed twice with 1 ml PBS* and resuspended in 1 mi PBS, pH 7.4. The radiochemical yields of the 
ladiophannaceutieal macroaggregates were monitored over a 24 to 96 hour pmod by a gamma* 
counter. 

[0090] Tables 22-24 show the radiochemical yields for the double-labeled radiopharmac^itical 
macroaggregates generated with Phytate using the protocol disclosed above, as well as the stability 
for one of these radiophannaceutical macroaggregates in PBS pH 7.4 ova* a 96 hour time period. 
The radiodiemical yields of the double*labeled radiopharmaceutical macroaggregates with Phytate 
generated weie measured as described in Example 2. 
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OH 






Tc%iiiMix 


Y%mMix 


Ca 


97.4 


75.6 


Fe 


97.1 


49.3 


Gd 


97.5 


46.6 


Recoveiy in Mixtuie of 
Sids 


89.0 


108.0 



Table 23 

'Ga + CPhytate) double-labeling and stability 





OH 






Y%inMix 


Ga%inMix 


Ca 


38.1 


843 


Fe 


47.8 


88.2 


Gd 


50.0 


96.1 


Recovery in Mixtuie of 
Stds 


104.1 


96.4 



Table 24 

'Li + ^hytate) double-labeling and stability 





OH 




3H 




24 H 




48 H 




96 H 






Y%in 
Mix 


In%in 
Mix 


Y%in 
Mix 


In%in 
Mix 


Y%in 
Mix 


In%in 
Mix 


Y%in 
Mix 


In%in 
Mix 


Y%in 
Mix 


In%in 
Mix 


Ca 


79.3 


92.5 


61.2 


85.6 


51.1 


88.1 


92.5 


83.4 


68.4 


82.2 


Fe 


19.1 


49.2 


33.3 


49.2 


20.4 


54.9 


34.6 


S3.4 


21.7 


50.8 


Gd 


30.3 


90.2 


35.8 


83.5 


27.7 


82.6 


45.2 


82.1 


26.9 


81.6 


Recovery 
in Mixture 
of Stds 


109.4 


101.8 


94.6 


101.1 


94.6 


lOl.l 


94.6 


101.1 


94.6 


101.1 



Example 4 

(00911 General protocols for generatiDg radiophannaceuticals by the mechanism of adsoiption 
(of radioactive isotopes by nonradioactive particles to produce a radiophannaceutical 
macioaggregatc are set fordi below. The stock solutions used ftwtiie reactions were: 

Fenic chloride (FeCb) (1 mg Fe/ml): TeClzmzO (96.6 mg) + HiO (20 ml) 
Calcium chloride (Cadz) (1 mg Ca/ml): CaCU (55.4 mg) + HaO (20 ml) 
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Gandoliniiim chloride (GdClj) (1 mg Gd/mT): GdCl^.ffiaO (47^8 xng) + H2O (20 mi) 
Sodium hydroxide (NaOH)(l .ON): NaOH (1 g) + H2O (25 ml) 
Ammonium hydroxide (NH4OH) (20.0%): NH4OH (5 ml) + H2O (10 ml) 
Phosphate Buffered Saline (JfBS): pH - 7.0, 7.4, or 8.0 

[0092] Bach stock of Img^ml of FeCb. CaCk, and GdCSa was made fresh and titrated vnfb 
NaOH or NH4OH (for FeCIa) to a pH of 8.0. The precipitates fonned by this reaction were washed 
wifli 0.1 mM PBS, and centrifiiged at 3000 ipm for S minutes. Next, a small volume of a 
radionuclide (1-2 ^Ci), was added to the precipitates for S-10 minutes. The pxecQ>itates were again 
washed with PBS and centrifuged two times to r^ove any remaining soluble radionuclides at 3000 
xpm for S minutes. The radiochemical yields of all the r&diophazmaceutical macroaggregates 
desoibed below in this example were measured by a gamma-counter and compared with standards. 

{0093] Table 2S below show die radiochemical yields of the radipphaimaceutical 
macroaggregates generated using the protocols disclosed above. The average starting radioactivity 
of the radionuclides used for genentting the radiophannaceutical macroaggregates was about 1-2 
fiCi: 



Table 25 

Radiochemical Yields by Adsorption 



Radionuclide 


Fe+'NH40H 


Ca+-NaOH 


Gd+NaOH 


'^cpcrtechnetate 


4.46±1.30 








2,91±0.24 






"*InDTPA 


4.52±0.15 






^Ga citrate 


68.09±1.14 


13.84dbi.89 


85.2Q±2.00 


*^*Tia 


90.71±0.17 


48.37±0.38 


44.09t3.00 


^^Sm EDTMP 


46.08±4.ll 


76.40±6.39 


95.15±3.29 


*'SrCl 


80.58±12,80 


9.9Q±1.73 


12,08±2.23 


^Cl 


27.8±1.8 


16.9 ±14.5 


86.3±2.0 


»»hiCi 


40.4±1.8 


69.1±8.3 


86.8 ±6.1 



[0094] As shown in Table 25, the radiopharmaceutical macroaggregates generated by adsorption 
of and ^^^Sm had high radiochemical yields regardless of the metal used. In amtrast, die 
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nuiiochemical yields for (bs ladiqyhannaceatical macroaggregates of oOurar radionuclides, for 
example ^^Ga and ^^Sr, were highly variable dq>eadiDg on the metal used. 

[0095] To determine whelfaer a delay in the addition of die radionuclide to nonradioactive 
particles affected the adsoiption efiBdeocy^ ''aged** Pe radiopbannaceutical macioaggregates were 
con^pared to radiopharmaceutical macroaggiegates genmted by the method set fortfi above. The 
first set of radiopharmaceutical macroaggregates was generated by immediately g^ ^ ii^g the 
radionuclide to the Fe particles, as set forth above. The second set of radiopharmaceutical 
macroaggregates was generated by first generating the Fe macroaggregates, adding the radionuclide 
after 24 hours had passed, and isolating the radiopharmaceutical xoacroaggregates as set forth above. 
Table 26 shows the results of this experiment^ and demonstrates that the delay in adding the 
radionuclide did not significantly affect the radiochemical yields:. 



Table 26 

Radiochemical Yields of "Aged" Radiqphaimaceutical Macroaggregates 



% yield of "'immediate'* radiopharmaceutical macrdaggr^tes 


^Oa citrate 


68.09±1.14 




90.71±0.17 


% yield of "aged** radiophanoaceuticai macroaggregates 


*"Ga citrate 


64.01±L05 


201 jjQ 


95.56±0.65 



(0096] The stability of various radiopharmaceutical macroaggregates generated by the 
mechanism of adsoaptioa was also exanuned be measuring the radiochemical yields of the 
radiopharmaceutical macxoaggcegates over time. The result are shown in Table 27, and demonstrate 
that these products are relatively stable over 16-72 hours: 
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Table 27 

Stability of Radic^firmaceutical Macroaggregates Over Time 



Radionuclide 


Fe 


Ca 


Gd 


Initial % yield 


^'GadtratB 


68.09tl.14 


13^4±1.89 


85.20±2.00 


^'TICI 


M.71±0.17 


4837±0.38 


44.09db3.00 


"'SmEDTMP 


46.08±4.11 


76.40±6.39 


95.15±3.29 




80J8±12,80 


9^1.73 


12.08±2.23 




27.8±1.8 


16.9 i 14.5 


86.3i2.0 




40.4±1.8 


69,Ii8.3 


86.8 :b 6.1 


% yield after suspensicm in PBS 


"Ga citrate (16 hours) 


57.15±0.70 






^^*T1 CI (16 hours) 


90.71±0.17 






"^SmBDTMP (72 hours) 


41.9(H:4.68 


37.68±5.84 


59.1Q±14.58 


^Sr CI (72 hours) 


77.07±12.59 


5.4310.88 


6.35±L16 


'^CI(24hrs) 


17.3i0.5 


33,5±3.4 


59.5±6.0 


"'In CI (24 His) 


35.5±3.4 


60.5i:8.3 


80.9±9.5 



[0097] To verify that the above radiopharmaceutical macpoaggregates are generated by a 
mechanism likely related to adsoiption« radiopharmaceutical macroaggregates generated using the 
above method were subjected to heating at 70-80^ C for S minutes, and then underwent 2 cycles of 
washings in FBS with centrifiigation at 3000 ipm f<»r S minutes. As shown in Table 28 bdbw, the 
mediamsm for generatizitg tiiese radiophatmaeeotical macroaggregates is likdy related to adsorption 
because significant dissociation occurred aft^ the radiq)harmaceutical macroaggregates were 
heated: 



4! 



>VO 2004/050161 



PCT/US2003/037777 



Table 28 

Poor Stability of the Radiophannaceutical K&croaggregales with Heating 



Radionuclide 


Fe 


Ca 


Gd 


Initial %yidd 


^^Ga citrate 


68.09fL14 


13.84±1.89 


85.20d2.00 




90.71iOJ7 


48.37±0.38 


44.0913.00 


'^^SmEDTMP 


46.08±4,11 


76.4016.39 


95,1513.29 


"SrCl 


80^811180 


9.90±L73 


12.081123 


Yo yield after heating at 70-80° C for 5 minutes 


^^Qa citrate (16 horns) 


44.07±4.61 






*'Tia(16houis) 


85.2510.34 






*"SiiiEDTMP(72houis) 


39.92t4.95 


36.04i«J5 


58.26113.26 


''Sra(72boura) 


7Z41±14.47 


6.71±1.21 


5.1610.82 



[0098] Finally, as shown in Table 29 below, radiophannaceutical macroaggregates were 
generated with two dififerent radionuclides by the mechanism of adsorption, demonstrating that these 
radiophannaceutical macroaggregates can be generated using two or more radionuclides and a metal 
caiiier. About 1-2 micro Ci of each isotope (^Ga citrate or ^^TI CI) in approximately 50 ^1 was 
added to 1 mg of nonradioactive Fe noacroaggregates. The nonradioactive Fe macroaggregates weie 
prepared by addmg NH4OH to reach a pH of 7-13. About 1-2 micro G of each isotope (^^Ga citrate 
or ^ CI) in approxnnately 50 pi was added to 1 mg of nonradioactive Gd macroaggregates. The 
mmradioactive Gd macroaggregates were prepared by adding NaOH to reach a pH of 7-13 The 
macroaggr e gates underwent 2 cycles of washing wi^ PBS followed by centrifiigation at 3000 ipm 
for 5 minutes. Radioactivities of the residuals were counted by tiie individual windows in a gamma 
counter and die individual eonq)onent radioactivities were derived using Kramer's rule (standard 
solution for simultaneous linear equations* htlp://www.ph>sicspostcom/article8.php?aiticieId=^139» 
mcQiporated herein by refisrence). 
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Table 29 



Double Labeling of Radiophaimaceutical Macmaggregates by Adsorption 



% yield of '^iogte-radiolaber Fe nufiopbaimaceutical maoo^egates 


"Qa 


68.09+1.14 




90.71dt0.17 


Individual % yield of "double-iadiolabel" radioidiannaceuticai macaoaj 


igr^es (^^Ga-^*Tl-Fc) 


"Ga 


64.08 




87.53 


% yield of '^siaelMtadiolabel" Qd radtc^iaRiiafieatical naeroagg^gates 


"Ga 


85.20^00 




59.5016.0 


iDdividQal % yield of double-xadiolaber radiopharmaceutical macroaggregates C'V-^^Ga-Gd) 


*'Ga 


62.02 




48^3 


Individual % yield of ''dooblc-zadiolaber radiopharmaceutical maaoaggregates (^-^Ga-Gd) 
at 24 hr indicating stability of the radiopharmaceatical macroaggregates 


"Ga 


58.00 


50y 


15.72 



{0099] The above expeiimeats indicate that only some radionuclides are able to label die 
nonradioactive particles tested through the mechamsm of adsoiption. Routine expaimentation can 
be used to identify other combinations of iBdionudides and nonradioactive particles tiiat will 
genmie radiopharmaceutical macroaggregates through the mechanism of adsorption. Interestingly 
tiiis pattm of labeling using adsorption is different than when the same radiotniclides and 
nonradioactive particles are oo-precipitated to form radiopharmaceutical macroaggre^es (see 
Example 1). Although radiopharmaceutical macroaggregates genuated by the mechanism of 
adsorption may have lower labeling efiGciencies and/or lower stability ov^ time than those 
generated by co-precipitation» these radiophaimaeeutical macroaggr^tes may be nevertiieless 
clinically xiseful. 

Example 5 
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[00100] To demonstrate a paramagnetic ladiqphannacetitical macioaggregate that provides 
magnetic signals for volumetric measurements and gamma rays for radioactivity measurements, 
Gallium-Ircm macroaggregate (GIMA) was analyzed, GIMA provides paramagnetic signals for 
volume measuTMnents by MR imaging while simultaneously emitting gamma lays for nuclear 
imaging. GIMA measures 10-30 micron in size by simple inspection mdev a microscope, and was 
used in human lung pa&sion imaging until the advent of the camot imaging agent of 
'^c^macroaBmmin aggregates (Colombetti et al, JNuclMed II: 704-707,1970). An MRI study 
of the ^Ga GIMA demonstrated decreases in Gradient Echo (GRB) signals as Fe contents increased 
to the concttitration range intODdedfiwintratumoralinjecti^ IsiYi^mZk^^ 
GE Signa I.5T MRI scanner demonstrated decreasing ORE signals &nn 6 phantoms of 1 cc 
cylinders. In Figure 3B, decreasing GRB signals with inm ccmtent was found widi GRE pulse 
seq[uences but not with Fast Spin Echo (FSE) sequences. 

[00101] To make use of flie physical half-life of 78 hours for *^Ga, die ^^Ga/Fe macroaggregate 
was synthesized by methods disclosed herein to generate a ^^Ga GIMA with high specific activity. 
The high q;>ecific activity is due in part to the fact diat no carrier-added ^^Ga citrate was used to 
produce the ^^Ga GIMA. OJ mCi ^Ga GIMA was injected intratumoially (IT) and intiamusculariy 
(IM) 12X10 tbe left leg of a 1 60 gram rat wilb a breast tumor inq)lanted it in its rig^ 1^. As illustrated 
in Figure 4, bo& intramuscular and intratumoral ii^ection sites demonstrated prolonged retdotion of 
^^Ga GIMA (65-80% at 1 8 hours). A ^^Ga standard was placed in the u|iper left comer of Figure 4 
as a control, P^istently low (<2%} hmg uptake was also found in the rat, which maybe related to 
leakage of ^^Ga OIMA into the systemic circulation during the IM inj ecfion. 

Example 6 

(00102] One pot^tial utility of a paramagnetic radiopharmaceutical macroaggregate is 
suppressitm of in vivo tumor growfit This utility was demc»strated nirftig the paramagnetic 
radiq)harmaceutical macroaggregate ^^Ga GIMA On day zero, 100,000 rat mammary cancer 
13762F tumor cells were in;9>lanted in a volume of 0.15 ml into die right tfai^ muscle of a Fisdier 
344 female rat wei^ung approximately 160 grams. In one set of e7q)minents, on day 10 the rats 
injected with tumor cells were subsequent treated with 0^ or 0,8 xnG of ^Ga GIMA (0.2 mCi ^^Oa, 
1 mg Fe, and 0.8 mCi ^^Ga, 1 mg Fe respectively). The ^^Ga GIMA was injected intratumorally in a 
volume of 02 ml on day 10 after the tumors became palpable in the rats. In another set of 
experiments, on day 3, 1 mCi of ^^Ga GIMA (1 mQ ^Ga, I mg Fe) in 0.3 ml was injected 
intramuscularly into die same location of the right thi^ of a set of the rats injected with tumor cells. 
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Thfi remaming rats injected mth tumor cells wm used as coDtrols. Ttunor sizes weie then 
SDOnitored regularly. 

(00103) As shown in Figure 5, tomor development was not reduced is rats treated widi 0.2 or 0.8 
mCi of Ga GIMA on day 10 as conqjared to the control. The parallel control group developed 
tumors at a sli^tly later time than those of Created widi 0.2 or 0.8 mCi of *^Ga GIMA, but the 
tumors in the control group were definitely much more aggressive than the tumors in the rats treated 
with ^^Ga GIMA. It is uncertain why these dosages of ^^Ga GMA were not eflFective for 
siq)pressing the rate of tumor growth in these rats. Possibly the rats were simply treated too late with 
^^Ga GIMA, or the radioactivity levels of the *^Ga GIMA were not sufficient to suppress tumor 
growth. For example, day 10 tumors, which have a more heterogeneous architecture and cell 
distribution, may requhe greater radiation to destroy. In the set of rats treated with 1 mCi of ^^Ga 
GIMA beginning. <m day 3, Figure 5 shows that the rate of tumor growth in these rats was 
significantly reduced as coiiq[iared to the contnd. This demonstrates diat mjection of the 
paramagn^c radiophamiaceutical macioaggr^ate ^Ga GIMA is able to suppress tumc»: growth in 
vivo. R^>eated in vivo rat ^pernnents confirmed tumor siqppression by GIMA prepared wifli co- 
precq^itation, GIMA prepared by adsorption* and ^ iron macroaggregates (YIMA) prq^aied by co- 
prec^itatioiL 

{00104] Dosunetry of the mjected ^^Ga GIMA can also be estimated using die dosunetiy 
simulations developed by one of &e inventors disclosed herein, as shown in Figures 1 and 2* For 
example, in the above oxpcxaneat 1 md of ^Ga GIMA was injected m 0.2 ml was found to have a 
distributed vohime of 0.S cc 1 hour afto- injection. At least 90% of the ^^Ga was also found to have 
been xetainBd in the iii|ected area after 35 days. Therefore^ using the simulated radiation absorbed 
dose fiom the curves of ^^Ga at 0.4 cc m Figure 1, the radiation absorbed can be grossly estimated 
as: S vahie (cGytoCi-Hr) x residence time (Hr) x radioactivity (mCi) => 201 x (1.4x0.9x78 Hr) x 1 
^ 19750 cGy or 198 Gy. Based on Aese values it is not surprising fliat tumor growth was 
suppressed in these rats. From Figure 2 the 10% isodose range can be calculated to be about 0.02 
cm. Escape from tumor suppression may be related to Ae short range of die irijected ^Ga GIMA, 
which has qiproximately a 0.5 cc distributed volume and a 10% isodose range of 0.02 cm, because 
technically it is very difficult to subsequently inject the ^^Ga GIMA within mm of die identical 
location the tumor cells w^e initially injected into. 

Example 7 
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fOOlOS) Qinical trials have confinned the useitilitess of sealed radionuclides as internal radiation 
sources. To confinn the feasibility of using intratumoial injection of unsealed radionuclide an as 
internal radiation source, (he paramagnetic radiophannaceutical OIMA is used to evaluate 
intratumoral injection as an alternative method to efE^vely ablate solid tumors while sparing 
normal tissues. To evaluate GIMA» the human breast tumor model syston is used to measure the 
spatial and temporal distribution of injected GIMA. Afi^ GIMA is ixyected intratumorally it will 
disperse in the tumor, but will remain contained within &e tumor, leading to high absorption of 
radiation widiin flie tumor fiom GIMA, but low absorption in sutrounding tissues and organs. 

[00106] Patients are recruited fiom female breast cancer patiaits scheduled for surgery at least 
on^week after the planned day of injection. One of the inclusion criteria is a tumor size of 2-3 cm 
or 4-15 cc in volume. No spillage outside of die tumor is expected fiom an injection of 1 cc. The 
radiophannaceuticab ^Ga GIMA and ^^Ga GIMA are syathesized under sterile conditions and 
tested for pyrog^city using the LAL test (Whittaker Inc., Walkersville, MD) before use. A total of 
IS patients in 3 groups of S patients each are studiel All patients are recruited under an IRB 
approved protocol with infomed ccmsent obtained. The patients are injected wi& GIMA 
intratumorally to measure tbe radiation dosimetry for GIMA. To aid the measurements of radiation 
dosimetry, MR imagng and PET or higb-iesolution sdntigrams are used to generate accurate 
measurements of the spatial and temporal profiles required for radiation absoibed dose estimates at 
fte injection site, surrounding breast tissues, and vita! organs. Hie MRI and nuclear imaging studies 
follow routine clinical procedure. 

[001071 All IS pati^ undergo MRI studies daily for a total of S consecutive days. Hie first 
group of 5 patioits receives O.S mG of ^*Ga GIMA (in 1 cc saline) intcatumorally under MRI 
guidance and flien undergo PET studies on the first day. A second group received 0.2 mCi 
intratumoral injecticms of ^Ga GIMA (ui 1 cc saline) under MRI and undergo whole-body and chest 
scintigraphy at 2, 4, 6 hours and 2, 3, 4, and S days. The patients are scanned using a GE Sigoa Lx 
1.5 Teala MRI scanner equipped with a high performance gradient system (amplitude = 22mT/m; 
slew rate = 120 T/m/s). A phased-array bilateral breast RF coil is used to maximize the 
signal-to-noise ratio. A breast positioning system with two compression plates is used to hold the 
breast in a reproducible location, therdiy maximizing the chance images fiom different scan days 
will register. The gross distribution of ^e co]^>osition was also monitored by ultrasonography. 

{00108] To inject fiie GIMA inlxatamorally, die breast tumor in a pati^t is first localized using a 
fast Tl-weigjited 3D pulse sequence. If necessary, Gd-DTPA contrast agent is administered 
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intFBvenously to assist in ideatifying die lesion. An MR-con^atible disposable sterile needle is 
placed intm-tiimozaUy»caiefiiUy avoiding any aieas of necn^ An MR scan is performed to ensure 
&e proper location of Hiq needles. Prior to iqectioD, a bifi^*resoIution baseline image is obtained 
nsing a gradient echo (GR£) pulse sequence with parameters selected ^to be s^isitive to T2^. The 
GIMA is injected into the tumor over 1 minute, and the needle is then slowly removed. Tliis 
procedure is similar to routine breast lymphoscintigraphy (Johnson et ai. Am J Surg 179:386-88, 
2000, Doting et aL^ Cancer 88:2546-52, 2000). Immediately after injection, images from two 
sessions of multi-phase T2*-weighted MRI are acquired using the same pulse sequence in quick 
successions for the next 60 minutes. The volume of the injectate is determined from the voxels with 
>10% decrease in the T2* signal compared to earlier images. If subsequent sdntigraphy/PET 
detects movement of GIMA, the area of the I^mph drainage is kvcluded for similar analysis. Serial 
MRI are perfonned daily for the next 4 days to determine &e geometry and distribution of GIMA. 

(00109] The early phase of GIMA movemart is studied with ^Ga GIMA and PET in the first 
group of 5 patients because accurate localization and quantitation of radioactivity are derived &om 
the sqpoior accuracy and resolution of PET. However, delayed PET studies after the first day are 
not useful because ^Ga decays rapidly (1^ hour half4ife). Therefore, the second and fliird gnmps 
of patients receive ^Ga GIMA to assess the lat^ phase (2-4 days) of radioactivity movCTients. 
After MR guided injection and itnaging, the patient is sent to &e Nuclear Medicine/PET Ginic in a 
gumey to minimize extraneous motion of the breast The radioactivity residence time in the tumor 
and lyn^h nodes is d^ved bom either serial scintigrams or serial PET. Patioits injected with ^'Ga 
GIMA undergo PET (1, 2, 3 and 4 hours) fiom the neck down to the pelvis wifli attenuation 
correction using a resolution SiCTieos HR Plus PET or a GE PET/CT scanner. Images are then 
reconstructed m 3-D mode and the ^^Ga voxel concentration in die tumor, lymph node, and/or 
nomial organs is measured For pati^ts with ^^Ga GIMA, scintigrams are acquired in a Siemens 
dual-head ECAM gannna camera equipped with ultza-high resolution collimator. This combination 
is able to achieve a system resolution of 7mm FWHM with^^c at a distance of 10 cm- One initial 
transmission scan is performed^ and tbm whole*body and planar imaging continues at 2, 4, 6 hours 
and 2, 3, 4, and 5 days after injection. Alternatively, ^^c044abeled Fe aggregates (e.g,. Table 2 
with a 0.94 radiochemical yield), are used to study the short-term (1-8 hours) biodistribution in 
humans because of the 6-hour physical half-life of ^^c04 and because '^c04 provides ideal 
imaging characteristics for gjamma cameras. 



47 



wo 2004/050168 



PCT/US2003/037777 



(00110] A&a the above measurements aie casaplttad, histologic dianges from radiatioa effects 
(McCoimick ct al.. Radiation Therapy Qacology Gtoup, Research Plan 2002-2006. Breast Cancer 
Working Group. Int J of Radiation Concol, Bilol, Physics. 51(3Siq)pl 2):56-7, 2001; Mam et al. 
Cancer J 7:95-102, 2001, incotpoiated herein by reference) in and around the tumoi/lymph nodes 
ate evaluated and correlated >Mth predicted and measured dosimetry. Selected histopathologic slices 
fiom patients injected with ^^Ga GIMA aie temporarily secured for autoradiogr^hy to visualize 
geogr^hic distribution. The GIMA distribution fiom autoradiogrs^hy is also used to correlate 
MRI-derived volumetric data with radioactivity data from nuclear imaging. Another analogous 
clinical trial will study radiation dosimetry of GIMA in human prostate cancer to derive the 
biodistdbution or segregation of particulate radiopharmac^iticals in human cancers/organs. The 
dosimetry derived will allow the use of ei&er ^^Ga or Other radionuclides (including ^^Y) to produce 
particulate radiopharmaceuticals fat human cancer tihoapies. 

[00111] All of the conqK)sitions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. ^Mule the compositions 
and methods of this invention have been described in terms of prefened embodiments, it will be 
apparent to those of skill in the ait that variations may be applied to the compositions and/or 
methods and in ^ steps or m the sequence of stqps of fte me&ods described herein wi&out 
departing fiom the concept, spirit and scope of tiie invention. More specifically, it will be apparent 
that certain agents that are ch^nicaily or physiologically related may be siibstituted fi>r the agents 
described herein while the isame or similar results would be achieved. All such similar substitutes 
and modifications apparmt to diose skilled in the ait are deemed to be within die qiirit, scope and 
concept of the invention as defined by the af^ended claims. 
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CLAIMS 

WHAT IS CLAIMED B: 

1. A ladipphannaceutical macroaggregate composittoii for the treatment of abnoimal tissue 
coaqdsiag particles haviiig a wiitntimm size of one nucfon,. wherein fhe particles cooprise a 

and one €xt more radioactive isotopeSi and bave sufScient radioactivity for locorpgional 
ablation of cells in the abnormal tissue. 

2. The conqxisition of daim 1, whmm die radiophannaceutical macroaggregate conqiosition is 
paramagnetic. 

3« The cornposition of daim 1, vrfierein the radiophannaceuticai macroaggregate composition is 
nox^aramagnetic. 

4. The composition of claim 1, wherein the metal is iron or gadoiinimn. 

5. The conqx)sition of claim 1, wherein the metal is caldwn. 

6. The composition of daim 1 , wherein the one or more radioactive isotopes are selected from 
the groi^j consisting of GaIlium-67 (^Ga), Yttriran-90 Yttrium-86 OalIium-68 
(**Ga), Thallimn.201 (^^^Tl), Strantium-89 (^^Sr), Ihdiimi-1 1 1 0"ln)» Iodine- 131 C% 
SamBrium-153 (^^Sm), Technetium-99m(^cXlUiaMum-186 ('*^), Rhemum-188 
(^^e), Cppper^2 ("Cu), and Copper-64 (^Cu). 

7. The composition of daim 1, wherein die radiofdiarmacetttical macroaggregate cooposition 
con^rises particulates or microspheres. 

8. The compositioii of daim 7» wherran die particulates or microsphaies con^»rise glass. 

9* The composition of claim 7| ^lerdn the particulates or microspheres comprise ceramic. 

10. The coinposition of claim 1 , wbereiJi the one or more radioactive isotopes emit beta 
radiations or positrons. 

1 1 . Hie composition of claim 1, wherein the particles con^rise a metal and one radioactive 
isotope. 

12. The composition of daim 1 1» whereia the radioactive isotope is a cation. 

13. The compo^tioQ of claim 11, wherein die radioactive isotope is an anion. 
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14. Tbe coisposition of claim 1, wberaa liie particles canqKise a metal and two radioactive 
isotopes. 

15. The cotspositios of claim 14, wherem one or bodi of theiadioacdve isotope are cattoos. 

16. The composition of claim 14, wheiem ooe or both of the radioactive isotope axe anions. 

17. The composition of claim 14, wherein one of the radioactive isotopes is Hohmum'166 
('"Ho). 

18. The composition of claim 1, wherein the particles further comprise Phytate. 

19. The composition of claim 10, wherein the particles further con^nse Phytate. 

20. The composition of claim 14, wherein tbe particles fiudier comprise Pb3^te, 

21» The composition of claim 1, wherein the ratio of radioa^ve isotopes to metal is about 10^:1. 

22. The composition of claim 1, wherein the particles are biodegradable. 

23. The coir^osition of claim 1, wherein fiie size of the particles is bom about 5 to about SO . 
microns. 

24. A method for the locoregional treatm^ of abnormal tissuet comprising administering a 
radiopharmaceutical macroaggregate conqx^sition to a subject in the region of the abnormal 
tissue, wherein the radiopharmaceutical macroaggregate con^osition conqirises particles 
having a miniTtinm size of one micron, >x^erein the particles coinprise a metal and one or 
more radioactive isotopes, and have an effective amount of radioactivity for locoregional 
ablation of cells in the abnormal tissue. 

25. The method ofclaim 24, wherein the subject is human. 

26. The method of claim 24, wherein the one or more radioactive isotopes are selected firom die 
group consisting of Gallium-67 (^^Ga), Yttrium-90 yttrium-86 (*^, Gallium-68 
(^^Ga), Ihallium-201 (^^^TI), Stiontium^9 (^Sr), Indium-1 11 (^"in), Iodine-131 ("^1), 
SamaTium.153 C^Sm), Hohmum-166 O^o), Technetram-99m (^c), Rhenium-186 
C^e), Rhemum.188 {^**Re), Copper-62 (*^Cu), and Copper^ (^Cu). 

27. Themediodof claim 24, wherein die metal is iron. 

28. The method of claim 24, wherein the metal is gadolinium. 
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29. He method of claim 28, wheiem tiie radlopiuomacoitical maao^^iregate compositioii 
comprising gadolisimn is exposed to aeutron in^ation for the locoiegional treatment of 
abnoimal tissue. 

30. The meOiod of claim 24, ^eretn the radic^amiaceutical macioaggregate compositLon is 
used in Selective hiteraal Radiatioa Therapy (SIRI). 

31 . ' The meAod of claim 24, wherdn die ladiqphannaceutical maraoaggregate conipoBidon is 

paramagnetic* 

32. The method of claim 3 1, wheim the paramagnetic properties of die radiopharmaceutical 
macroaggregate con^osition are used to measure the geographic distzibutioa and derive 
radiation dosimetry of die radioactive composition. 

33. The method of claim 3 1, wherein die paramagnetic properties of die radiopharmaceutical 
macroaggregate composition is used for local hyperthemiia dierapy. 

34. The method of claim 31, wherdn magnetic resonance imaging (MRI), Positron Emission 
TQmogrq)hy (PET), ultrasonography, or high resolution gamma scintigraphy is used to 
measure the spatial and temporal profiles of the radioactive con^ositioa. 

35. The method of claun 31, herein a Compnted Tomography (CI) scanner is used to localize 
the radioactive con^osition. 

36. The m^od of claim 24> wherein die metal is calcium. 

37. The method of claim 36, ^tiierem a Computed Tomognphy (CT) scann^ or uhrasonography 
is used to localize the radioactive conqposition. 

3 8 . The method of claim 24, wherein the particles fitcdier comprise Phytate. 

39. The m^od of claim 24, whesem die radiopharmaceutical macroaggregate composition is 
administered by injection. 

40. The m^od of claim 39, wherein the mjection is inlratumoral, nilravenous, intravascular, 
intr^arenchymal, intraaiterial, intracavitary, intra-plcural, intraperitonai, or intrathecal. 

41 . The method of claim 24, wherein the abnormal tissue is a neqplasm. 

42. The method of claim 41, vdierein the neoplasm is a tumor. 



51 



# 



wo 2004/050168^^ PCTAJS2003/037777 



43. The method of rA»im 42, wherein ibe radiopharmaoeaticai macroaggregate composition is 
admimstered diiecfly into the tumor by ixgection. 

44. The m^od of claim 24, vidierein die ahnoimal tissue is synovial tissue. 

45. A ladiqphannac^cal macroaggregate compositioo for (he treatment of dmoxmal tissue 
con^rising particles having a mtti^ftwim size of one microo» ^x4ierein die particles coovrise a 
metal aiid one or more radioactive isotopes^ and have siifficioi^ , 
ablation of cells in die abnormal* produced by a process conqxisiog the steps of: 

(a) mixing one or more radioactive isotopes widt a metal chloride; 

(b) adding an alkaline to the mixture ofpart a to precipitate the radioactive 
isotopes with die metal to fbmx the particles; 

(c) sq)arating the predpitated particles from any remaining sohable radioactive 
isotopes from die particles; and 

(d) isolating die radioactive particles. 

46. The process of claim 45, wher^ die metal phloride is selected from the groi^ conmsting of 
ferric chloride (FeQa), calcium chloride (CaCli). and gandoliniom chloride (OdCU). 

47. The process of claim 45, wherein the alkaline is sodium hydroxide or ammonium hydroxide. 

48. A radiophaimacaitical macroaggregate composition for the treatment of abnormal tissue 
con^rising particles having a TnAnitn\nn size of one micron, wherein die particles conqmse a 
metal and one or more radioactive isotopes, and have sufficient radioactivity for locoregional 
ablation of cells in die abnormal, produced by a process comprising the steps of: 

(a) adding an alkaline to a metal chloride to form a precipitate; 

(b) miYing one or more radioactive isotopes with the precipitate of part (a) to allow 
the radioactive isotopes to adsorb to the precipitate and generate a radioactive . 
prec^itate; 

(c) separating the radioactive precipitate of part (b) from any remaining soluble 
radioactive isotopes; and 

(d) isolating the radioactive precipitate. 

49. The process of claim 48, wherein die metal chloride is selected from die group consisting of 
f<»ric chloride (FeCla), calcium cUoride (CaCk), and gandolinhun chloride (GdCb). 

50. The process of claim 48, wherein die alkaline is sodium hydroxide or ammonium hydroxide. 
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5 1 . The piwess of claim 48, herein the radioactive precq>itate of part (b) is separated fiom any 



52. A metbod of acupuncture therapy for an acupunduie-respcmsive condition, conqnising 
administering a ladiqpbannaceufical macroaggiegate composition into one or more 
acupunctuxe points of a subject wherein the radiopbarmaceutical macioaggregate 
compositioii comprises paiticles having a minimum size of one micron, wherein die particles 
conQ)rise a metal and one or more radioactive ]S0tq)es, and have an effective amiwit of 
radioactivity to enhance the acig>unctare therapy 



lemammg salable radioactive isotopes by ceatrifugatioiL 
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